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Fujitsu’s Static RAM Products 


Introduction 


Fujitsu manufactures a wide range of integrated circuits that 
includes linear products, microprocessors, 
telecommunications circuits, ASICs, high-speed ECL logic, 
power components (consisting of both discrete transistors 
and transistor arrays), and both static and dynamic RAMs. 

The static RAM product line offers devices for use in a wide 
range of applications. These memories are manufactured to 
meet the high standard of quality and reliability that is found 
in all Fujitsu products. 

This data book includes product information on the following 
SRAM products: 


High-speed CMOS SRAMs 


Fujitsu’s high-speed CMOS SRAMs offer the advantages of 
low power dissipation, low cost, and high performance. 
Features include TTL compatibility and a separate 
chip-select pin that simplifies multipackage systems design. 


High-speed BiCMOS SRAMs 

Advanced BiCMOS technology adds ultra-fast access times 
to CMOS low power dissipation in Fujitsu’s new family of 
static RAMs. Most devices feature an automatic power-down 
mode and are generally available in small outline packages 
with J-leads (SOJ). 


Low-speed CMOS SRAMs 


Our low-power CMOS SRAMs are ideally suited for use in 
microprocessor systems and other applications where fast 
access time and ease of use are required. The memories 
use asynchronous circuitry and may be maintained in any 
state for an indefinite period of time. 


Application-Specific SRAMs 

To address the system needs of cache memory chips, 
Fujitsu’s application-specific memory line includes both 
cache TAG RAM and high-speed static RAM, as well as port 
RAMs for multiprocessor systems. 


ix 



Fujitsu’s Static RAM Products (Continued) 


Wide Temperature Range SRAMs 

For applications requiring MIL-STD-883 processing, Fujitsu 
offers a selection of high-performance, TTL-compatible 
CMOS static RAM products. All of these devices operate in 
the “W” temperature range, generally 55° to 125°C. (See 
product specifications for specific temperature range.) 


CMOS SRAM Modules 


Fujitsu manufactures a complete family of reliable CMOS 
static RAM memory modules for those applications requiring 
high density and large memory storage capability. Fujitsu’s 
family of memory modules are pin-compatible with JEDEC 
standards. 




Section 1 


High-Speed CMOS SRAMs — At a Glance 


Page 

Device 

Maximum 

Access 

Time (ns) Capacity 

Package 

Options 


1-3 

MB81C67-35 

35 

16384 bits 

20-pin 

Plastic 

DIP 


-45 

45 

(16384wx 1b) 

20-pin 

Ceramic 

DIP 


-55 

55 


20-pad 

Ceramic 

LCC 

1-15 

MB81C68A-25 

25 

16384 bits 

20-pin 

Plastic 

DIP, ZIP 


-30 

30 

(4096w x 4b) 

20-pin 

Ceramic 

DIP 


-35 

35 





1-27 

MB81C69A-25 

25 

16384 bits 

20-pin 

Plastic 

DIP 


-30 

30 

(4096w x 4b) 

20-pin 

Ceramic 

DIP 


-35 

35 





1-39 

MB81C71A-25 

25 

65536 bits 

22-pin 

Plastic 

DIP 


-35 

35 

(65536wx 1b) 

24-pin 

Plastic 

LCC 





22-pad 

Ceramic 

LCC 

1-51 

MB81C74-25 

25 

65536 bits 

22-pin 

Plastic 

DIP 


-35 

35 

(16384w x 4b) 

22-pad 

Ceramic 

LCC 

1-61 

MB81C75-25 

25 

65536 bits 

24-pin 

Plastic 

DIP 


-35 

35 

(16384w x 4b) 

24-pin 

Plastic 

LCC 

1-73 

MB81C78A-35 

35 

65536 bits 

28-pin 

Plastic 

DIP, FPT 


-45 

45 

(8192wx8b) 

32-pad 

Ceramic 

LCC 

1-87 

MB81C79A— 35 

35 

73728 bits 

28-pin 

Plastic 

DIP, FPT 


-45 

45 

(8192wx9b) 

32-pad 

Ceramic 

LCC 

1-101 

MB81C81A-35 

35 

262144 bits 

24-pin 

Plastic 

DIP, LCC 


-45 

45 

(262144w x 1b) 

24-pin 

Ceramic 

DIP 





24-pad 

Ceramic 

LCC 

1-113 

MB81C84A-35 

35 

262144 bits 

24-pin 

Plastic 

DIP, LCC 


-45 

45 

(65536w x 4b) 




1-123 

MB81C86-55 

55 

262144 bits 

28-pin 

Ceramic 

DIP 


-70 

70 

(65536w x 4b) 

32-pad 

Ceramic 

LCC 

1-131 

MB8289-25 

25 

262144 bits 

32-pin 

Plastic 

DIP, FPT 


-35 

35 

(32768w x 9b) 





n 


1-1 



High-speed CMOS SRAMs 


Static RAM Data Book 


1-2 




CMOS 16384-BIT 


FUJITSU 


STATIC RANDOM 



ACCESS MEMORY 


MB 81C67-35 I 
MB 81C67-45 I 
MB 81C67-55 | 

March 1986 
Edition 2.0 


16,384 WORDS xl BIT HIGH SPEED 
CMOS STATIC RANDOM ACCESS MEMORY 


The Fujitsu MB 81C67 is 16,384 words x 1 bit static random access memory 
fabricated with a CMOS silicon gate process. All pins are TTLcompatible and 
a single 5 volts power supply is required. 

For ease of use, chip select (CS) permits the selection of an individual package 
when outputs are OR-tied, and automatically power down the MB 81C67. All 
devices offer the advantages of low power dissipation, low cost, and high per- 
formance. 


• Organization: 16,384 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 35 ns max. (MB 81C67-35) 

45 ns max. (MB 81C6745) 

55 ns max. (MB 81C67-55) 

• Single +5 V supply, ±10% tolerance 

• Separate data input and output 

• TTL compatible inputs and output 

• Three-state output with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• Standard 20-pin DIP package (Suffix: CZ, Suffix: P) 

• Standard 20-pad Leadless Chip Carrier (Suffix: TV) 

• Pin compatible with Fujitsu MB 8167A 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage on any pin 
with respect to GND 

V IN 

-3.5 to +7.0 

V 

Output Voltage on any pin 
with respect to GND 

V(DUT 

-0.5 to +7.0 

V 

Output Current 

'out 

±50 

mA 

Power Dissipation 

Pd 

1.2 

W 

Temperature under Bias 

Tbias 

-10 to +85 

°C 

Storage 

Temperature 

Ceramic 

t stg 

-65 to +150 

°C 

Plastic 

-45 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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liniillllllllllillllllllllllli MB 81C67-55 


Fig. 1 - MB 81C67 BLOCK DIAGRAM 



TRUTH TABLE 


cs 

WE 

MODE 

OUTPUT 

POWER 

H 

X 

NOT SELECTED 

HIGH-Z 

STANDBY 

L 

L 

WRITE 

HIGH-Z 

ACTIVE 

L 

H 

READ 

d OUT 

ACTIVE 


CAPACITANCE (T a = 25° C, f = 1 MHz) 
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MB 81C67-45 FUJITSU 
MB 81C67-55 — 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GIMD) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V, L 

-3.0* 


0.8 

V 

Input High Voltage 

V, H 

2.2 


6.0 

V 

Ambient Temperature 

T a 

0 


70 

°C 


*-3.0V Min. for pulse width less than 20ns. (V !L Min = -1.0 V at DC level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage 

Current 

V in = 0 V to V cc 

J.U 

-2.0 


2.0 

/iA 

Output Leakage 
Current 

cs = v 1H , 

Vqut = 0 V to V cc 

1 LO 

-2.0 


2.0 

liA 

Active Supply 

Current 

CS — V| L , Iout ~ 0 mA 

V i N = V| L or V 1H 

1 CC1 


25 

40 

mA 

Operating Supply 
Current 

CS — V 1 1 _ , Iout = 0 mA 

Cycle = Min, C L = 0 pF 

'CC2 


35 

60 

mA 

Standby Supply 
Current 

CS^ Vcc -0.2 v 
v in > V cc -0.2 V or 

V| N <0.2 V 

*SB1 


2 

15 

mA 

Standby Supply 
Current 

0| 

col 

ii 

< 

X 

*SB2 


15 

25 

mA 

Output Low 

Voltage 

1 q i_ — 16mA 

VOL 



0.4 

V 

Output High 


\/ 

O A 



\/ 





IlllSIflllllilllliri MB 81C67-35 
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AC TEST CONDITIONS 

Input Pulse Levels : 

Input Pulse Rise And Fall Times : 

Timing Measurement Reference Levels : 

Output Load : Fig. 2 

0.6 V to 2.4 V 

5 ns 

Input : 1 .5 V 

Output : 1 .5 V 

Load 1 

Load II 

2 V 

2 V 

1 

< 

< 

< 

>ioo n 

d out 

1 

< 

< 

< 

£ 100 to 

d out 

1 

Z 30 pF (Including Scope 

and jig capacitance) 

- 

Z 5 pF (Including Scope 

and jig capacitance) 







(For t HZ , t LZ , t wz and t 0 w> 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB 81 C67-35 

MB 81 C67-45 

MB 81 C67-55 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time * 2 

f RC 

35 


45 


55 


ns 

Address Access Time* 3 

t AA 


35 


45 


55 

ns 

Chip Select Access Time * 4 

t ACS 


35 


45 


55 

ns 

Output Hold from Address Change 

f OH 

5 


5 


5 


ns 

Chip Selection to Output in Low-Z* 5 

tLZ 

5 


5 


5 


ns 

Chip Deselection to Output in High-Z* 5 

tHZ 

0 

25 

0 

25 

0 

30 

ns 

Chip Selection to Power Up 

tpu 

0 


0 


0 


ns 

Chip Deselection to Power Down 

tpD 


30 


40 


50 

ns 


Note: *1 WE is high for Read cycle. 

*2 All Read cycle are determined from the last address transition to the first address transition of the next address. 
*3 Device is continuously selected, CS = V )L . 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 
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WRITE CYCLE * 1 * 2 

I 

Parameter 


Address Setup Time 


Write Pulse Width 


Data Valid to End of Write 


Write Recovery Time 


Data Hold Time 


Write Enable to Output in High-Z* 4 


Output Active from End of Write 


MB 81 C67-35 
Min I Max 


MB 81 C67-45 


MB 81 C67-55 


Chip Selection to End of Write 

tew 

Address Valid to End of Write 

tAW 



WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED * 3 



— 1 AS 


t A W 


twP wJ 'WR 



Note: *1 CS or WE must be high during address transition. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycle are determined from the last address transition to the first address transition of next address 
*4 Transition is measured at the point of ±500mV from steady state voltage. 



















Note: * 


MB 81C67-35 IHIIBI 
MB 81C67-45 FUJITSU 
MB 81C67-55 llllllllllllllllllllllllllllll 


WRITE CYCLE TIMING DIAGRAM* 1 * 2 

WRITE CYCLE: CS CONTROLLED’ 3 4 



1 CS or WE must be high during address transistion. 

2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

3 All Write cycle are determined from the last address transistion to the first address transition of next address. 

4 Transition is measured at the point of ±500mV from steady state voltage. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 -NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 



Fig. 4 -NORMALIZED ACCESS TIME 
vs. SUPPLY VOLTAGE 



Fig. 5 -NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

LU 1.2 


CO 

CO . . 

LU 1.1 

O 
O 
< 

□ 

_i 
< 

DC 

O 0 9 
z 

< 

< 

~ 0.8 

0 20 40 60 80 100 

T a , AMBIENT TEMPERATURE (°C) 



Fig. 6 -NORMALIZED ACCESS TIME 
vs. AMBIENT TEMPERATURE 

LU 1.2 


CO 

CO . . 
LU 1-1 
O 
O 
< 

Q 

LU 1 o 
N '- U 
_J 
< 

DC 

O 0.9 
z 


0 20 40 60 80 100 

T a , AMBIENT TEMPERATURE (°C) 



Fig. 7 -NORMALIZED POWER SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



Fig. 8 -NORMALIZED POWER SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 
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Fig. 9 -NORMALIZED POWER SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



t a , ambient TEMPERATURE (°C) 


Fig. 10 — NORMALIZED POWER SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



t a , ambient TEMPERATURE (°C) 


Fig. 11 -NORMALIZED POWER SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



Fig. 12 -OUTPUT VOLTAGE 
vs. OUTPUT CURRENT 


T a = 25°C 
V cc =4.5V 




! 





0 5 10 

I oh* OUTPUT CURRENT (mA) 


Fig. 13 - OUTPUT VOLTAGE 
vs. OUTPUT CURRENT 


T A = 25°C 

V CC = 4.5V 









0 10 20 
l OL - OUTPUT CURRENT (mA) 


Fig. 14 -NORMALIZED POWER SUPPLY CURRENT 



1 10 100 


f, FREQUENCY (MHz) 
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Fig. 15 -NORMALIZED ACCESS TIME 
vs. LOAD CAPACITANCE 



Fig. 16 -NORMALIZED ACCESS TIME 
vs. LOAD CAPACITANCE 



PACKAGE DIMENSIONS 

(Suffix: CZ) 

20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 



(millimeters) 

© 1986 FUJITSU LIMITED D20006S-3C 
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PACKAGE DIMENSIONS 

(Suffix: TV) 


20-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-20C-F01) 




Dimension in 
inches (millimeters) 


©1985 FUJITSU LIMITED C20003S-1C 






FUJITSU 


CMOS 16384-BIT 
STATIC RANDOM 
ACCESS MEMORY 


MB81C68A-25 

MB81C68A-30 

MB81C68A-35 


4K x 4 (16,384-BIT) STATIC RANDOM ACCESS Edition^ 88 

MEMORY WITH SUPER HIGH SPEED AND ll "'' 

AUTOMATIC POWER DOWN 


The Fujitsu MB 81C68A is 4096 words x 4 bits static random access memory 
fabricated with a CMOS silicon gate process. The memory utilizes asynchro- 
nous circuitry and all pins are TTL compatible and a single 5 volts power 
supply is required. 

A separate chip select (CS) pin simplifies multipackage systems design. It per- 
mits the selection of an individual package when outputs are OR-tied, and 
furthermore on selecting a single package by CS, the other deselected packages 
automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 4096 words x 4 bits 

• Static operation: No clocks or timing strobe required 

• Fast access time: t AA = t ACS = 25 ns max. (MB 81C68A-25) 

t AA = t ACS = 30 ns max. (MB 81C68A-30) 
t AA = t ACS = 35 ns max (MB 81C68A-35) 

• Low power consumption: 385 mW max. (Active) 

138 mW max. (Standby, TTL level) 

83 mW max. (Standby, CMOS level) 

• Single +5V supply ±1 0% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 20-pin DIP (Suffix -P(plastic)/Suffix: -Z(cerdip)) 

• Standard 20-pad LCC (Suffix: -TV) 

• Standard 20-pin ZIP (Suffix: -PSZ) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7 

V 

Input Voltage on Any Pin with 
respect to GND 

V | N 

-3.5 to +7 

V 

Output Voltage on Any I/O Pin 
with respect to GND 

VoUT 

-0.5 to +7 

V 

Output current 

• OUT 

±20 

mA 

Power dissipation 

Pd 

1.0 

W 

Temperature under Bias 

t bias 

-10 to +85 

°C 

Storage Temperature 

CERAMIC 

Tstg 

-65 to +150 

°C 

PLASTIC 

-45 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposu r e to absolute maximum rating conditions for extended 
periods may alfect device reliability. 



CERAMIC PACKAGE 
CERDIP 
(DIP-20C-C03) 

40 

PLASTIC PACKAGE 
(DIP-20P-M01) 



PLASTIC PACKAGE 
(ZIP-20P-M01 ) 


PIN ASSIGNMENT 


a 7 c , 

*6 1=2 
A 5 C3 
A.C4 
A 3 C5 
A£6 T 
A,C7 
AoC8 
CSC 9 
GNDC 10 


?o=]v cc 

19l]A 8 

1 8 ZJ A 9 

"□a,o 

1611 a,, 

15 □ I O, 

»O'0 2 

'O' °3 

'O' 04 


LULULULUL^JLUL^JLiJHLlI' 


mi L LUL n m h m eh ra ft 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 81C68A BLOCK DIAGRAM 
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CAPACITANCE (T a = 25°C, f = 1 MHz) 


Parameter 

Input Capacitance (V, N =0 V) 
CS Capacitance (Vcs = 0 V) 
I/O Capacitance (V. /0 = 0 V) 






MB81C68A-25 !lllllll!lllll!llllill!!l!l!llll!!IVIII!llllll 

MB81C68A-30 Fujitsu 
MB81C68A-35 " ^ 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 



Note: * -2.0V Min. for pulse width less than 20 ns. (V (L Min = -0.5V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage 

Current 

V| N = 0 V to V cc 

II. 

-10 


10 

/iA 

Output Leakage 

Current 

cs = v,H, 

V i/o ~ 0 V to V c c 

Ilo 

-10 


10 


Active (DC) Supply 
Current 

Iqut = 0 mA CS = V||_, 

Vin = V| L or V ih 

Icci 


25 

50 

mA 

Operating Supply 

Current 

cs = V IL 

Iqut = 0 rnA, Cycle = Min 

ICC2 


40 

70 

mA 

Standby Supply Current 

CS = V cc -0.2V, V IN ^ 0.2V 
or V, N ^ v cc -0.2V 

i . . 

ISBI 


0.5 

15 

mA 

Standby Supply Current 

i 

> 

ii 

lo 

•SB2 


10 

25 

mA 

Output Low Voltage 

Iql = 8 mA 

VOL 



0.4 

V 


Iqh — 4 mA V OH 


Output High Voltage 


2.4 


V 





MB81C68A-25 
FUJITSU MB81C68A-30 
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AC TEST CONDITION 

0 V to 3.0 V 

5 ns (Transient Time between 0.8 V and 2.2 V) 
Input : 1.5 V 

Output: 1.5 V 


C u = 30 pF 

C L = 5 pF for t L z, t H z. tow ar| d *WZ 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

— 

MB 81 C68A-25 

— 

MB 81C68A-30 

MB 81C68A-35 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

f RC 

25 


30 


35 


Address Access Time* 2 

t AA 


25 


30 


35 

Chip Select Access Time* 3 

t ACS 


25 


30 


35 

Output Hold from Address Change 

toH 

3 


3 


3 


Output Hold from CS 

t OHC 

0 


0 


0 


Chip Selection to Output in Low-Z* 4 

t L2 

5 


5 


5 


Chip Deselection to Output in High-Z* 4 



10 


13 


15 

Power Up from CS 

tpu 

0 


0 


0 


Power Down from CS 

tpD 


20 


25 


30 


Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS = V, L 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is specified at the point of ±500 mV from steady state voltage. 


Input Pulse Levels: 

Input Pulse Rise and Fall Times: 
Timing Reference Levels: 

Output Load: Fig. 2 


5.0 V 







MB81C68A-25 

MB81C68A-30 

MB81C68A-35 


FUJITSU 

llllllllllllllilllllllllllllllllllllllllli 


READ CYCLE TIMING DIAGRAM 


READ CYCLE: ADDRESS CONTROLLED* 1 2 3 4 



READ CYCLE: CS CONTROLLED 




SUPPLY <sb 
CURRENT 


1 WE is high for Read cycle. 

2 Device is continuously selected, CS = V )L 

3 Address valid prior to or coincident with CS transition low. 

4 Transition is specified at the point of ±500rnV from steady state voltage. 
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WRITE CYCLE * 1 * 2 


Parameter 

Symbol 

MB 81C68A-25 

MB 81 C68A-30 

MB 81 C68A-35 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time 

twc 

25 


30 


35 


Chip Selection to End of Write 

tew 

20 


25 


30 


Address Valid to End of Write 

tAW 

20 


25 


30 


Address Setup Time 

tAS 

0 


0 


0 


Write Pulse Width 

t W p 

20 


25 


30 


Data Setup Time 

t DW 

13 


15 


15 


Write Recovery Time 

twR 

2 


2 


2 


Data Hold Time 

t DH 

0 


0 


0 


Output High-Z from WE* 3 

twz 


10 


13 


15 

Output Low-Z from WE* 3 

tow 

5 


5 


5 



WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED* 1 * 2 



Note: *1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in a high impedance state. 
*3 Transition is specified at the point of ±500 mV from steady state voltage. 





Note: * 


MB81C68A-25 ■■■■ 
MB81C68A-30 FUJITSU 
MB81C68A-35 IIIIIM 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED* 1 * 2 3 



1 CS or WE must be high during address transitions. 

2 If CS goes high simultaneously with WE high, the output remains in a high impedance state. 

3 Transition is specified at the point of ±500 mV from steady state voltage. 
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NORMALIZED STANDBY l SB 1- 'SB2- NORMALIZED STANDBY l CC 1, 'CC2, NORMALIZED OPERATING 

SUPPLY CURRENT SUPPLY CURRENT SUPPLY CURRENT 


MB81C68A-25 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 OPERATING SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 

V C C/ SUPPLY VOLTAGE (V) 


Fig. 4 OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 5 STANDBY SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 


V cc , SUPPLY VOLTAGE (V) 


Fig. 6 STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
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T a , AMBIENT TEMPERATURE (°C) 


Fig. 7 STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 
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Fig. 8 OPERATING SUPPLY CURRENT 
vs. FREQUENCY 



1 5 10 50 100 

f, FREQUENCY (MHz) 
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t AA , Ucs normalized ACCESS TIME Vqh, "H" level OUTPUT VOLTAGE (V) 


MB81C68A-25 
MB81C68A-30 FUJITSU 
MB81C68A-35 


TYPICAL CHARACTERISTICS CURVES (Cont’d) 


Fig. 9 "H" LEVEL OUTPUT VOLTAGE 
vs. "H" LEVEL OUTPUT CURRENT 



0 2.5 5.0 7.5 10 


Fig. 10 "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 



l OH , "H" LEVEL OUTPUT CURRENT (mA) 


l OL , "L" LEVEL OUTPUT CURRENT (mA) 


Fig. 11 ACCESS TIME vs. SUPPLY 
VOLTAGE 


Fig. 12 ACCESS TIME vs. AMBIENT 
TEMPERATURE 



4.5 4.75 5.0 5.25 5.5 

V cc , SUPPLY VOLTAGE (V) 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 13 ACCESS TIME vs. LOAD 
CAPACITANCE 



C L , LOAD CAPACITANCE (pF) 
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PACKAGE DIMENSIONS 

(Suffix: -Z) 


20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20C-C03) 


R. 025(0.64 
REF 




( 0 . 25 + ^^) 


.200 (5. 08) MAX 


©FUJITSU LIMITED 1986 D20006S-4C 


(Suffix: -P) 


20-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-20P-M01) 



©FUJITSU LIMITED 1986 D20005S-2C 








'M'« MB81C68A-25 

FUJITSU MB 81 C 68 A- 30 

lllllllllll!lilllllllllll!lllHlHII MB81C68A-35 


(Suffix: -TV) 





FUJITSU 


CMOS 16384-BIT 
STATIC RANDOM 



ACCESS MEMORY 


MB81C69A-25 

MB81C69A-30 

MB81C69A-35 


4Kx 4 (16,384-BIT) STATIC RANDOM ACCESS MEMORY 
WITH SUPPER HIGH SPEED 


January 1988 
Edition 2.0 


The Fujitsu MB 81C69A is 4096 words x 4 bits static random access memory 
fabricated with a CMOS silicon gate process. The memory utilizes asynchro- 
nous circuitry and all pins are TTL compatible and a single 5 volts power 
supply is required. 

A separate chip select (CS) pin simplifies multipackage systems design. It per- 
mits the selection of an individual package when outputs are OR-tied. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 4096 words x 4 bits 

• Static operation: No clocks or timing strobe required 

• Fast access time: t AA = 25 ns max, t ACS = 15 ns max (MB 81C69A-25) 

t AA = 30 ns max, t ACS = 18 ns max (MB 81C69A-30) 

t AA = 35 ns max, t ACS = 20 ns max (MB 81C69A-35) 

• Low power consumption: 385 mW max. (Active) 

• Single +5V supply ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion 

• All inputs and outputs have protection against static charge 

• Standard 20-pin DIP (Suffix: -P(plastic)/Suffix: -Z(cerdip)) 

• Standard 20-pad LCC (Suffix: -TV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to ±7 

V 

Input Voltage on Any Pin 
with respect to GND 

V | N 

-3.5 to +7 

V 

Output Volage on Any I/O Pin 
with respect to GND 

VoUT 

-0.5 to +7 

V 

Output current 

1 OUT 

±20 

mA 

Power dissipation 

Pd 

1.0 

W 

Temperature under Bias 

Tbias 

-10 to ±85 

°c 

CERAMIC 

Qtnnnp Tpmnpr'iti iro 


-65 to ±1 50 

°c 

O LUI uy u 1 Cl I 1 1 u LU 1 c 

PLASTIC 

1 STG 

-45 to ±125 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



This device contains circuitry to protect the | 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 - MB 81C69A BLOCK DIAGRAM 
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CAPACITANCE (T A =25°C,f = 1 MHz) 


Parameter 

Input Capacitance (V, N =0 V) 
CS Capacitance (Vc§ = 0 V) 
I/O Capacitance (V, /0 = 0 V) 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-2.0* 


0.8 

V 

Input High Voltage 

V | H 

2.2 


6.0 

V 

Ambient Temperature 

T a 

0 


70 

°C 


Note: * -2.0 V Min. for pulse width less than 20 ns. (V, L Min. = -0.5 V at DC level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

V| N = 0V to V cc 

Ili 

-10 


10 

ma 

Output Leakage Current 

CS = V|h , V |/o = 0 V to V cc 

*LO 

-10 


10 

fiA 

Active Supply Current 

CS = V !L , 

Iqut = 0 m A 

V in = V, L or V ,h 

•cci 


25 

50 

mA 

Operating Supply Current 

CS = V IL 

•out = 0 mA, Cycle = Min 

'CC2 


40 

70 

mA 

Output Low Voltage 

1 o l ~ 8 mA 

V OL 



0.4 

V 

Output High Voltage 

Iqh = -4 mA 

X 

o 

> 

2.4 



V 
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MB81C69A-25 

MB81C69A-30 

MB81C69A-35 


FUJITSU 


AC TEST CONDITION 


Input Pulse Levels 

Input Pulse Rise and Fall Times: 

Timing Reference Levels: 

Output Load: Fig. 2 


5.0 V 



0 V to 3.0 V 

5 ns (Transient Time between 0.8 V and 2.2 V) 
Input : 1.5 V 

Output : 1.5 V 


C L = 30 pF 

C L = 5 pF for t LZ , t H z. tQW and twz 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE* 1 


Parameter 

Symbol 

MB 81 C69A-25 

MB 81C69A-30 

MB 81C69A-35 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time* 2 

*RC 

25 


30 


35 


ns 

Address Access Time* 3 

*AA 


25 


30 


35 

ns 

Chip Select Access Time* 4 

tACS 


15 


18 


20 

ns 

Output Hold from Address Change 

toH 

3 


3 


3 


ns 

Output Hold from CS 

toHC 

0 


0 


0 


ns 

Chip Selection to Output in Low-Z* 5 

tLZ 

0 


0 


0 


ns 

Chip Deselection to Output in High-Z* 5 

tHZ 


10 

. . 


13 


15 

ns 


WE is high for Raed cycle. 

All read cycles are determined from the last address transition to the first address transition of next cycle. 
Device is continuously selected, CS = V |L . 

Address valid prior to or coincident with CS transition low. 

Transition is specified at the point of ±500mV from steady state Voltage with Load II in Fig. 2. 


Note: *1 

*2 

*3 

*4 

*5 
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READ CYCLE TIMING DIAGRAM 


READ CYCLE: ADDRESS CONTROLLED 



READ CYCLE: CS CONTROLLED 




E is high for Read cycle. 

II read cycles are determined from the last address transition to the first address transition of next cycle. 

3 Device is continuously selected, CS = V||_. 

4 Address valid prior to or coincident with CS transition low. 

5 Transition is specified at the point of ±500 mV from steady state voltage with Lead II in Fig. 2. 




liiniiiiiiiininiiiiniii mb8ic69a-25 
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WRITE CYCLE *1** 


Parameter 

Symbol 

MB 81C69A-25 

MB 81C69A-30 

MB 81 C69A-35 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time* 3 

*wc 

25 


30 


35 


ns 

Chip Selection to End of Write 

tcW 

20 


25 


30 


ns 

Address Valid to End of Write 

*AW 

20 


25 


30 


ns 

Address Setup Time 

*AS 

0 


0 


0 


ns 

Write Pulse Width 

t WP 

20 


25 


30 


ns 

Data Setup Time 

*DW 

13 


15 


15 


ns 

Write Recovery Time* 4 

tWR 

2 


2 


2 


ns 

Data Hold Time 

t DH 

0 


0 


0 


ns 

Output High-Z from WE* 5 

*WZ 


10 


13 


15 

ns 

Output Low-Z from WE* 5 

tow 

5 


5 


5 


ns 



Note: "1 If CS are in the R EAD Mode during this period, I/O pins are in the output state so that the input signals of opposite 


phase to the outputs must not be applied. 

*2 If CS goes high simulatneously with WE high, the output remains in high impedance state. 

*3 All write cycle are determined from last address transition to the first address transition of the next address. 
*4 t WR is defined from the end point of WRITE Mode. 

*5 Transition is specified at the point of ±500mV from steady state voltage, with Load II in Fig. 2. 




MB81C69A-25 ■■■■ 
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WRITE CYCLE TIMING DIAGRAM 


WRITE CYCLE: CS CONTROLLED -1 ' 2 



Note: 


*1 If CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All write cycle are determined from last address transition to the first address transition of the next address. 

*4 t W R is defined from the end point of WRITE Mode. 

*5 Transition is specified at the point of ±500mV from steady state voltage with Load II in Fig. 2. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 OPERATING SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 4.75 5.0 5.25 5.5 

V C c# SUPPLY VOLTAGE (V) 


Fig. 4 OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 5 OPERATING SUPPLY CURRENT 
vs. FREQUENCY 




1 1 




T A = 25° C 

V cc = 5.5V 

Vim = Viu/Vii 



























1 5 10 50 100 

f, FREQUENCY (MHz) 


Fig. 6 "H" LEVEL OUTPUT VOLTAGE 
_ vs. "H" LEVEL OUTPUT CURRENT 



l OH , "H" level OUTPUT CURRENT (mA) 


Fig. 7 "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 



l OL , "L" LEVEL OUTPUT CURRENT (mA) 


Fig. 8 ACCESS TIME vs. SUPPLY 
VOLTAGE 



V cc , SUPPLY VOLTAGE (V) 


Fig. 9 ACCESS TIME vs. AMBIENT 
TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 10 ACCESS TIME vs. LOAD 
CAPACITANCE 



C L , LOAD CAPACITANCE (pF) 
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PACKAGE DIMENSIONS 

CERAMIC DIP (Suffix: -Z) 


20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
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PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: -P) 
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PACKAGE DIMENSIONS 

CERAMIC LCC (Suffix: -TV) 



CERAMIC PACKAGE 
(LCC-20C-F01) 


20-PAD CERAMIC (FRIT SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-20C-F01) 


*PIN NO.1 INDEX 



R .01 2(0.30)TYP 
(4 PLCS) \ 


.090(2.29) 

TYP 


R. 008(0. 20)TYP 
(20PLCS) \ 

.025+.005 
(0.6410.13) | 


.0875(2.22) 

TYP r 

i L4 L 

.0501.006 
^045(1 ,14)TYP "(17271015) 

r .065(1 ,65)TY P 

■ 100(2.54)MAX 


.0675(1.71) 

TYP 


J *PIN NO.1 
I INDEX 


.150(3.81) 1 
* TYP H 
.195(4,95) 
TYP 


.045(1.14) 
I TYP 


.335(8.51) 
j TYP 
.250(6.35) I 
TYP 


1 .0501.006 
(1.2710.15) 


‘ Shape of PIN NO. 1 INDEX : Subject to change without notice. 


.045(1.14) 

TYP 


Dimension in 
inches (millimeters) 


) FUJITSU LIMITED 1987 C20003S-1C 



High-speed CMOS SRAMs 


Static RAM Data Book 
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CMOS 65,536-BIT 


FUJITSU 


STATIC RANDOM 


ACCESS MEMORY 


MB81C71A-25 

MB81C71A-35 


65,536 WORDS X 1 BIT HIGH SPEED 
CMOS STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB 81C71 A is 65,536 words x 1 bit static random access memory 
fabricated with a CMOS technology. 

It uses fully static circuitry throughout and therefore requires no clocks or 
refreshing to operate. 

The MB 81C71A is designed for memory applications where high performance, 
low cost, large bit storage and simple interfacing are required. 

MB 81C71 A is compatible with TTL logic families in all respects; input, output 
and a single +5 V supply. 

• Organization : 65,536 words x 1 bit 

• Static operation : No clocks or refresh required 

• Fast access time : t AA = t ACS = 25 ns (MB 81C71 A-25) 

t A A = t AC s = 35 n s (MB 81C71 A-35) 

• Single +5 V supply ±10% tolerance 

• Separate data input and output 

• TTL compatible inputs and output 

• Three-state output with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• Standard 22-pin DIP (300 mil) (Suffix: P) 

• Standard 22-pad LCC (Suffix: CV) 

• Standard 24-pin SOJ (300 mil) : (Suffix : PJ) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V in 

-3.5 to +7 

V 

Output Voltage on any pin 
with respect to GND 

VoUT 

-0.5 to +7 

V 

Output Current 

•out 

±50 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

- 1 0 to +85 

°C 

Storage 

Temperature 

Ceramic 

Tstg 

-65 to +1 50 

°c 

Plastic 

-45 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


February 1988 
Edition 2.0 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB 81C7 1 A- 25 
■a MB81C71A-35 


Fig. 1- MB 81C71A BLOCK DIAGRAM 


POWER 

DOWN 

CIRCUIT 


CELL 
ARRAY 
128 ROWS 
512 COLUMNS 


COLUMN I/O CIRCUITS 

COLUMN SELECT 


A 3 A 4 A 5 A 6 A 7 A 8 A 10 A 1 1 A 15 


TRUTH TABLE 


CS 

We 

MODE 

OUTPUT 

POWER 

H 

X 

NOT SELECTED 

HIGH-Z 

STANDBY 

L 

L 

WRITE 

HIGH-Z 

ACTIVE 

L 

H 

READ 

d out 

ACTIVE 



CAPACITANCE (T A = 25°C,f = 1 MHz) 



Input Capacitance (V tN = 0 V) 

CS Capacitance (Vcs = 0V) 
Output Capacitance (Vout = 0 V) 
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FUJITSU 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

— 

5.5 

V 

Input Low Voltage 

V, L 

-2.0* 


0.8 

V 

Input High Voltage 

V, H 

2.2 


6.0 

V 

Ambient Temperature 

T a 

0 


70 

°C 


* -2.0 V Min, for pulse width less than 20 ns. (V j L Min = -0.5 V at DC Level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Input Leakage Current 

V 1N = 0 V to V cc 

V cc = Max. 

II. 

-10 


10 

ma 

Output Leakage Current 

CS= V,h, 

Vout = 0 V to 4.5 V 

Vcc = Max. 

•lo 

-10 


10 

ma 

Operating Supply Current 

CS = V| L , V C c = Max. 
d out = Open, 

Cycle = Min. 

*cc 



80 

mA 

Standby Current 

V C c = Min. to Max. 

CS> V cc -0.2 V 

V, N <0.2 V or 

V| N ^ V cc -0.2 V 

*SB1 



10 

mA 

Standby Current 

V C c = Min. to Max. 

CS=V,H 

•sB2 



20 

mA 

Output Low Voltage 

1 o l = 10 m A 

VOL 



0.45 

V 

Output High Voltage 

l OH = -4 mA 

Vqh 

2.4 



V 

Peak Power on Current 

Vcc = 0 V to Vcc Min. 

CS = Lower of V C c ° r 

V| H Min. 

Ipo 



30 

mA 
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FUJITSU 


Fig. 2- AC TEST CONDITIONS 


• Input Pulse Levels: 0.6 V to 2.4 V 

• Input Pulse Rise And Fall Times: 5 ns 

• Timing Measurement Reference Levels: Input : 1.5 V 

Output: 1.5 V 


• Output Load: 


5.0 V 



Load I: C L = 30 P F 

Load II: Cj_ = 5 pF for t[_ 2 , ^HZ' ^ow end 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
READ CYCLE* 1 


Parameter 

Symbol 

MB 81C71A-25 

MB 81C71A-35 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time* 2 

tRC 

25 


35 


ns 

Address Access Time* 3 

t AA 


25 


35 

ns 

Chip Select Access Time* 4 * 5 

tACS 


25 


35 

ns 

Output Hold from Address Change 

toH 

5 


5 


ns 

Chip Selection to Output in Low-Z* 6 * 7 

tLZ 

5 


5 


ns 

Chip Deselection to Output in High-Z* 6 * 7 

tHZ 

0 

10 

0 

15 

ns 

Chip Selection to Power Up Time 

tpu 

0 


0 


ns 

Chip Deselction to Power Down time 

tpD 


20 


30 

ns 


Note: *1 WE is high for Read cycle. 

*2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 
*3 Device is continuously selected, CS = V, L . 

*4 Address valid prior to or coincident with CS transition low. 

*5 Chip deselection for a finite time is less than t RC prior to selection. 

*6 Transition is measured at the point of ±500mV from steady state voltage. 

*7 This parameter is measured with specified loading Load II in Fig. 2. 
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1 WE is high for Read cycle. 

2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 

3 Device is continuously selected, CS = V IL . 

4 Address valid prior to or coincident with CS transition low. 

5 Chip deselection for a finite time is less than t RC prior to selection. 

6 Transition is measured at the point of ±500mV from steady state voltage. 

7 This parameter is measured with specified loading Load II in Fig. 2. 




MB81C71A-25 

MB81C71A-35 


FUJITSU 


WRITE CYCLE * 1 * 2 


Parameter 

Symbol 

MB 81C71A-25 

MB 81C71 A-35 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time* 3 

*wc 

25 


35 


ns 

Chip Selection to End of Write 

few 

20 


30 


ns 

Address Valid to End of Write 

*AW 

20 


30 


ns 

Address Setup Time 

fASI 

0 


0 


ns 

Address Setup Time 

f AS2 

0 


0 


ns 

Write Pulse Width 

t W p 

20 


30 


ns 

Data Valid to End of Write 

f DW 

15 


20 


ns 

Write Recovery Time 

tWR 

2 


2 


ns 

Data Hold Time 

f DH 

2 


2 


ns 

Write Enable to Output in High-Z* 4 * 5 

*wz 

0 

10 

0 

15 

ns 

Output Active from End of Write* 4 * 5 

tow 

0 


0 


ns 


WRITE CYCLE TIMING DIAGRAM * 1 * 2 
WRITE CYCLE: WE CONTROLLED 



— t wc 


) 

( ) 

( ^ 


tew 




\ A 

/ 



1 fi 

-®- tASi ! 

vw - •n 

h*— ■ %p 

tWR ' 

^ 


/ 

/ 

tDH 






><XXXXXXXXX) 

^ DATA VALID ^ 

(XXXXXX) 


-twz- 


xxxxxxxxxxxx > 


C~ 


tow- 


taxx 


| Undefined □ Don't Care 


Note: 


*1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

*5 This parameter is measured with specified Load II in Fig. 2. 
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' 1 CS or WE must be high during address transitions. 

2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 

4 Transition is measured at the point of ±500mV from steady state voltage. 
b This parameter is measured with specified Load II in Fig. 2. 
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MB81C71A-35 


TYPICAL CHARACTERISTICS CURVES 


Fig. 3 -OPERATING SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Fig. 4 -OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 


O 

z 


N O 

& 
OC D 
O w 


o 

u 



V CC - 
Cycle 

5.5V 

min. 



















' — 
















0 25 50 75 100 

T a , AMBIENT TEMPERATURE (°C) 


Fig. 5 -STANDBY SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Fig. 6 - STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



V cc , SUPPLY VOLTAGE (V) 


T A , AMBIENT TEMPERATURE (°C) 


Fig. 7- OPERATING SUPPLY CURRENT 
vs. FREQUENCY 



1 5 10 50 100 

f, FREQUENCY (MHz) 
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TYPICAL CHARACTERISTICS CURVES (Cont’d) 


Fig. 8 — "H" LEVEL OUTPUT VOLTAGE 
vs. "H" LEVEL OUTPUT CURRENT 


Fig. 9 — "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 




Fig. 10 -ACCESS TIME vs. SUPPLY 
VOLTAGE 


Fig. 11 - ACCESS TIME vs. AMBIENT 
TEMPERATURE 



4.5 5.0 5.5 



0 25 50 75 100 


V cc , SUPPLY VOLTAGE (V) 


T A , AMBIENT TEMPERATURE (°C) 


Fig. 12- ACCESS TIME vs. LOAD 
CAPACITANCE 
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PACKAGE DIMENSIONS 

(Suffix: -P) 


22-LEADS PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-22P-M04) 




©FUJITSU LIMITED 1986 D22008S-3C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

(Suffix: -CV) 




22-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-22C A01) 



- 5 ! 



FUJITSU 


CMOS 65,536-BIT 
STATIC RANDOM 
ACCESS MEMORY 


MB81C74-25 

MB81C74-35 


December 1987 
Edition 2.0 


16K x 4 BIT (65,536-BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB 81C74 is a 16,384-words by 4-bits static random access 
memory fabricated with a CMOS silicongate process. The memory utilizes 
asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. Ail pins are TTL compatible, and a single 5 volts power supply 
is required. 

The MB 81C74 is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 

• Organization: 16,384 words x 4 bits 

• Fast access time: t AA = t ACS = 25 ns max. (MB 81C74-25) 

t AA = t ACS = 35 ns max. (MB 81C74-35) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Common data input/output 

• Single +5V power supply ±10% tolerance 

• Low power standby: 440 mW max. (Active) 

55 mW max. (Standby, CMOS level) 

110 mW max. (Standby, TTL level ) 


• Standard 22-pin DIP (300 mil): Suffix: P 

• Standard 22-pad LCC : Suffix: CV 

ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-3.5 to +7.0 

V 

Output Voltage 

V OUT 

-0.5 to +7.0 

V 

Output Current 

1 OUT 

±20 

mA 

Power Dissipation 

P D 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Storage 

Temperature Range 

Ceramic 

^STG 

-65 to +150 

°c 

Plastic 

-45 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-22P-M04 



CERAMIC PACKAGE 
LCC-22C-A01 


PIN ASSIGNMENT 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 — MB 81C74 BLOCK DIAGRAM 


INPUT 

DATA 

CONTROL 


128 x 128x4 
MEMORY CELL 
ARRAY 


COLUMN 
I/O CIRCUITS 


COLUMN 

SELECT 


A 6 A7 Ag Ag A-j 0 A-j 1 A12 


POWER 

DOWN 

CIRCUIT 


TRUTH TABLE 


cs 

WE 

MODE 

I/O 

POWER 

H 

X 

NOT SELECTED 

HIGH-Z 

STANDBY 

L 

L 

WRITE 

Din 

ACTIVE 

L 

H 

READ 

°OUT 

ACTIVE 


CAPACITANCE < t a = 25 c, f = 1 mh Z ) 


Parameter 

I/O Capacitance (V| /0 = OV) 
Input Capacitance (V tN = OV) 







MB81C74-25 FUJITSU 


MB81C74-35 'f 1 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-2.0* 1 


0.8 

V 

Input High Voltage 

V, H 

2.2 


6.0 

V 

Ambient Temperature 

T a 

0 


70 

°C 


*1 -2.0 V Min. for pulse width less than 20 ns. (V, L min. = -0.5 V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Conditions 

Standby Supply Current 

•sbi 


10 

mA 

CS>V cc -0.2V, V, n < 0.2V 
or V IN ^V CC -0.2V 

'sB2 


20 

mA 

i 

> 

ii 

loo 

lo 

Active Supply Current 

•cci 


60 

mA 

1 out — 0 m A, CS — V 1 1_ 

V !N = V| L or V, H 

Operating Supply Current 

'cC2 


80 

mA 

Cycle = Min., Iout = 0 mA 

Input Leakage Current 

l L | 

-10 

10 

MA 

V )N = 0V to V cc 

Output Leakage Current 

1 li/o 

-10 

10 

mA 

CS = V,H,V l/o = 0V to v cc 

Output High Voltage 

Voh 

2.4 


V 

I 0 h = -4 mA 

Output Low Voltage 

VoL 


0.4 

V 

I 0 l = 8 mA 


Note: All voltages are referenced to GND 


• Output Load 


d out O" 
0 / 0 ) 


+5V 

? 


Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 0 V to 3.0 V 

• Input Pulse Rise & Fall Times: 5 ns (Transient between 0.8 V and 2.2 V) 

• Timing Reference Levels: Input: 1.5 V 

Output: 1 .5 V 


f Including Scope and Jig Capacitance 



R 1 

R2 

CL 

Parameters Measured 

Load 1 

480ft 

255ft 

30 pF 

except t CLZ , t CHZ , t W LZ- and 1 WHZ 

Load II 

480ft 

255ft 

5 pF 

X CLZ' ^HZ' tWLZ' l WHZ 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB 81C74-25 

MB 81C74-35 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

t RC 

25 


35 


ns 

Address Access Time* 2 

*AA 


25 


35 

ns 

CS Access Time* 3 

t ACS 


25 


35 

ns 

Output Hold from Address Change 

toH 

5 


5 


ns 

Output Hold from CS 

t OHC 

3 


3 


ns 

Chip Selection to Output Low-Z* 4 * 5 

t CLZ 

5 


5 


ns 

Chip Deselection to Output High-Z* 4 * 5 

tCHZ 


10 


15 

ns 

Power Up from CS 

tpu 

0 


0 


ns 

Power Down from CS 

t PD 


20 


30 

ns 


READ CYCLE TIMING DIAGRAM * 1 


READ CYCLE I* 2 


~ tRC ~ 




_t AA~ 


PREVIOUS DATA VALID 



H t OH — 


[ DATA VALID ) 



READ CYCLE: CS CONTROLLED* 3 


CS 


d out 


SUPPLY 

CURRENT 



Undefined: S3 


Don't Care: □ 


Note: 

*1 WE is high for Read cycle. 

*2 Device is continuously selected, CS = V tL . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500 mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE 


Write Cycle Time 2 
Address Valid to End of Write 
Chip Select to End of Write 
Data Valid to End of Write 
Data Hold Time 
Write Pulse Width 
Address Setup Time 
Write Recovery Time 
Output High-Z from WE* 3 * 4 
Output Low-Z from WE* 3 * 4 

WRITE CYCLE TIMING DIAGRAM 


MB 81C74-25 

MB 81C74-35 

Min 

Max 

Min 

Max 

25 


35 


20 


30 


20 


30 


13 


17 


2 


2 


20 


30 


0 


0 


2 


2 



10 


15 

0 

10 

0 

15 



*1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the next address. 
*3 Transition is measured at the point of ±500 mV from steady state voltage. 

*4 This parameter is specified with Load II in Fig. 2. 





FUJITSU MB81C74-25 

illllilllllillllllllll MB81C74-35 



Note: 

*1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the next address. 



I SB 1, lsB2» NORMALIZED STANDBY 'cci' *CC2, NORMALIZED OPERATING 

SUPPLY CURRENT SUPPLY CURRENT 


MB81C74-25 

MB81C74-35 


Wmmm. 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 -OPERATING SUPPLY CURRENT 



4.5 5.0 5.5 

V C C/ SUPPLY VOLTAGE (V) 


Fig. 5 - STANDBY SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 


Fig. 4 - OPERATING SUPPLY CURRENT 



0 25 50 75 100 

T A , AMBIENT TEMPERATURE (°C) 


Fig. 6 -STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



0 25 50 75 100 

T a , AMBIENT TEMPERATURE (°C) 


Fig. 7- OPERATING SUPPLY CURRENT 
vs. FREQUENCY 



T A = 25° C 
v cc - 5.5V 




V, N = V 

h/V 

'|L 

_j 











y 
















1 5 10 50 100 

f, FREQUENCY (MHz) 
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TYPICAL CHARACTERISTICS CURVES (Cont’d) 


Fig. 8 - "H" LEVEL OUTPUT VOLTAGE 
vs. “H" LEVEL OUTPUT CURRENT 



0 2.5 5.0 7.5 10 

l OH , "H" LEVEL OUTPUT CURRENT (mA) 


Fig. 9 — "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 



0 5 10 15 20 

l OL , "L" LEVEL OUTPUT CURRENT (mA) 


Fig. 10 - ACCESS TIME vs. SUPPLY 
VOLTAGE 


Fig. 11 - ACCESS TIME vs. AMBIENT 
TEMPERATURE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 



Fig. 12- ACCESS TIME vs. LOAD 
CAPACITANCE 



0 50 100 150 200 

C L , LOAD CAPACITANCE (pF) 
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PACKAGE DIMENSIONS 

(Suffice: -CV) 


22-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-22C-A01) 



*Share of PIN NO. 1 INDEX: Subject to changed without notice. 
• FUJITSU LIMITED 1987 C22002S-2C 


Dimensions in 
inches (millimeters) 
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ini 

I CMOS 65,536-BIT 

FUJITSV 

1 STATIC RANDOM 
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1 ACCESS MEMORY 


MB81C75-25 

MB81C75-35 


16K x 4 BIT (65,536-BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

The Fujitsu MB81C75 is a 16,384-words by 4-bits static random access 
memory fabricated with a CMOS silicongate process. The memory utilizes 
•asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply 
is required. 

The MB 81C75 is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 

• Organization : 16,384 words x 4 bits 

Fast access time : t AA = t ACS = 25 ns max. (MB 81C75-25) 
t 0 e ~ 10 ns max. 

tAA = tAcs = 35 ns max. (MB 81C75-35) 
t 0 E = 15 ns max. 

• Completely static operation : No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Common data input/output 

• Single +5 V power supply ±10% tolerance 

• Low power standby : 440 mW max. (Active) 

55 mW max. (Standby, CMOS level) 

110 mW max. (Standby, TTL level) 

• Standard 24-pin DIP (300 mil) : Suffix: P 

• Standard 28-pad LCC : Suffix: CV 

• Standard 24-pin SOJ (300 mil) : Suffix : PJ 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage 

V,n 

-3.5 to +7.0 

V 

Output Voltage 

VoUT 

-0.5 to +7.0 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

- 1 0 to +85 

°C 

Storage 

Temperature 

Range 

Ceramic 

"J"STG 

-65 to +1 50 

°c 

Plastic 

-45 to +125 


February 1988 
Edition 2.0 



PLASTIC PACKAGE 
DIP-24P-M03 



PLASTIC PACKAGE 
LCC-24P-M02 


PIN ASSIGNMENT 



A a q 


CSC 

OEC 

GNDC 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due tcrhigh static' volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB81C75-25 
MB 81 C 75 -35 


Fig. 1 -MB81C75 BLOCj< DIAGRAM 



CAPACITANCE (T a = 25°C, f = 1 MHz) 


Parameter 

Symbol 

Value 

Min 

Typ 

Max 



I/O Capacitance (V | /0 = 0 V) 

C|/o 



7 

Input Capacitance (V. N = 0 V) 

ClNI 



7 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V, L 

-2.0* 


0.8 

V 

Input High Voltage 

V, H 

2.2 


6.0 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


-2.0 V Min, for pulse width less than 20 ns. (V (L Min = -0.5 V at DC Level) 

DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Value 

Unit 

Min 

Max 

Standby Supply Current 

CS > V cc - 0.2 V, V IN < 0.2 V 
or V IN > V cc - 0.2 V 

Isbi 


10 

mA 

0| 

col 

II 

< 

I 

•sB2 


20 

Active Supply Current 

CS - V|(_, V|n — V| L or 

Vih ( Iout = 0 mA 

•cci 


60 

mA 

Operating Supply Current 

Cycle = Min., Iout = 0 m A 

•cc 2 


80 

Input Leakage Current 

V in = 0 V to Vcc 

II. 

-10 

10 

MA 

Output Leakage Current 

CS = V| H , V|/ Q = 0 V to V cc 

•li/o 

-10 

10 

MA 

Output High Voltage 

1 oh = mA 

VoH 

2.4 


V 

Output Low Voltage 

1 ol = 8 m A 

VOL 


0.4 

V 


Note: All voltages are referenced to GND 


Fig. 2 - AC TEST CONDITIONS 


• Output Load • Input Pulse Levels: : 0 V to 3.0 V 

• Input Pulse Rise & Fall Times : 5 ns (Transient between 0.8 V and 2.2 V) 

• Timing Reference Levels : Input : 1.5 V 

: Output : 1 .5 V 


+5V 




R 1 

R2 

CL 

Parameters Measured 

Load 1 

480ft 

255ft 

30 pF 

except t CL2 , t CHZ , t WLZ , t WH2 , 
tOLZ and 'OHZ 

Load 11 

480ft 

255ft 

5 pF 

tCLZ- t CHZr l WLZ- tWHZr l OLZ 
and t 0 HZ 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB 81C75-25 

MB 81C75-35 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

25 


35 


ns 

Address Access Time* 2 

f AA 


25 


35 

ns 

CS Access Time* 3 

t ACS 


25 


35 

ns 

OE Access Time* 3 

toE 


10 


15 

ns 

Output Hold fromAddress Change 

*OH 

5 


5 


ns 

Output Hold from CS 

tOHC 

3 


3 


ns 

CS to output Low-Z* 4 * 5 

fcLZ 

5 


5 


ns 

OE to Output in Low-Z* 4 * 5 

tOLZ 

0 


0 


ns 

CS to Output High-Z* 4 * 5 

tcHZ 


10 


15 

ns 

OE to Output High-Z* 4 * 5 

tOHZ 


10 


15 

ns 

Power Up from CS 

tpu 

0 


0 


ns 

Power Dwown from CS 

f PD 


20 


30 

ns 


READ CYCLE TIMING DIAGRAM * 1 


READ CYCLE I 


ADDRESS 


d OUT 


ADDRESS VALID 


-t AA~ 


PREVIOUS DATA VALID 


5lc 


x 


DATA VALID 


tOH 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS=V| L , OE=V| L . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 


1-64 




MB81C75-25 FUJITSU 
MB81C75-35 


WRITE CYCLE*' 


MB 81C75-25 


MB 81C75-35 


Write Cycle Time* 

Address Valid to End of Write 

Chip Select to End of Write End of Write 

Data Valid to End of Write 

Data Hold Time 

Write Pulse Width 

Address Setup Time 


Write Recovery Time 

*WR 

2 


2 


ns 

Output High-Z from WE* 3 * 4 

tWHZ 


10 


15 

ns 

Output Low-Z from WE* 3 * 4 

*WLZ 

0 

20 

0 

30 

ns 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED* 


twc 

ADDRESS VALID 
t C w 


-tow *-■ 

DATA VALID 



E2 Undefined 


Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the 
next address. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 

*4 This parameter is specified with Load II in Fig. 2. 
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Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the 
next address. 



I S b 1 > ! SB2- normalized standby i cc , normalized operating 

SUPPLY CURRENT SUPPLY CURRENT 


MB81C75-25 

MB81C75-35 
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TYPICAL CHARACTERISTICS CURVES 


Fig. 3 -OPERATING SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 


Fig. 4 - OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 5 - STANDBY SUPPLY CURRENT 
vs. SUPPLY VOLTAGE 


Fig. 6 -STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 



Fig. 7- OPERATING SUPPLY CURRENT 
vs. FREQUENCY 


o 

z 

t- 

< 

oc 

ID 

CL 


< 

GC 

O 

z 



r — 1 1 

T a = 25° C 

Vrr = 5.5V 




V| N = V 

i h/ 

A L 












y 






^ - 










1 5 10 50 100 

f, FREQUENCY (MHz) 
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t AA , t ACS , t OE , NORMALIZED V OH , "H" LEVEL OUTPUT 

ACCESS TIME VOLTAGE (V) 
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TYPICAL CHARACTERISTICS CURVES (Cont’d) 


Fig. 8 — "H" LEVEL OUTPUT VOLTAGE 
vs. "H" LEVEL OUTPUT CURRENT 



l OH , "H" LEVEL OUTPUT CURRENT |mA) 


Fig. 9 - "L" LEVEL OUTPUT VOLTAGE 
vs. "L" LEVEL OUTPUT CURRENT 



Fig. 10- ACCESS TIME vs. SUPPLY 
VOLTAGE 


Fig. 11 - ACCESS TIME vs. AMBIENT 
TEMPERATURE 




Fig. 12- ACCESS TIME vs. LOAD 
CAPACITANCE 



0 50 100 150 200 

C L , LOAD CAPACITANCE JpF) 
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PACKAGE DIMENSIONS 

(Suffix: P) 


24-LEADS PLASTIC DUAL IN-LINE PACKAGE 
(CASE No DIP 24P M03) 





©FUJITSU LIMITED 1987 D24017S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 

(Suffix: CV) 




28-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-28C-A03) 


* PIN NO.1 INDEX 



.350+. 010 
(8.89±0.25) 


.550±.010 

(13.97±0.25) 


.045(1 .14)TYP 
.065(1. 65)TYP 


.083(2.1 1)MAX 


.085(2.16) 

TYP 


m .025±.005 
"(0.64±0.13) 


| *PIN NO.1 

INDEX 


R.008(0.20)TYP / 

(28PLCS) 


■050±.Q06 

(1.27±0.15) 

.075(1.905)1 


2 60(6.60) 

TYP 


R. 01 2(0.30) 
/ (4PLCS) 
■050±.006 
(1.27±0.15) 


.460(11.68) 
j TYP 
.400(10.16) I 
TYP | 



.075(1.905) t 
TYP I 

.045(1.14) 

TYP 

^ .045(1.14) 

TYP 


*Shape of PIN NO.1 INDEX: Subject to change without notice. 
©FUJITSU LIMITED 1987 C28009S1C 


Dimensions in inches 
and (millimeters) 



High-speed CMOS SRAMs 


Static RAM Data Book 
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CMOS 65536-BIT 


FUJITSU 


STATIC RANDOM 



ACCESS MEMORY 


MB81C78A-35 

MB81C78A-45 


November 1987 
Edition 2.0 


64K-BIT (8192x8) HIGH SPEED CMOS STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB 81C78A is 8192 words x 8 bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS-i ) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CSt , the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 8 bits 

• Static operation: No clock or timing strobe required 

• Fast access time: t AA = t ACS i = 35 ns max. (MB 81 C78A-35) 

t A A = tACSi = 45 ns max. (MB 81C78A-45) 

• Low power consumption: 495 mW max. (Operating) 

138 mW max. (Standby, TTL level) 

83 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 28-pin Plastic DIP package (Suffix: -P-SK) 

• Standard 28-pin Bend type Plastic Flat package (Suffix: -PF) 

• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

V C c 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V, N 

-3.5 to +7 

V 

Output Voltage on any I/O 
with respect to GND 

V OUT 

-0.5 to +7 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

1 

Tbias 

-10 to +85 

°c 

Storage 

Temperature 

PLASTIC 

Tstg 

-40 to +125 

°c 

CERAMIC 

-65 to +150 


PLASTIC PACKAGE 
DIP-28P-M04 



PLASTIC PACKAGE 
FPT-28P-M02 



CERAMIC PACKAGE 
LCC-32C-A02 


PIN ASSIGNMENT 


NCC 

7 ^ 7 

D v cc 

A <c 

2 27 

3 WE 

AsC 

3 26 

jcs 2 

A 6 g 

4 25 

IK 

A,g 

5 24 

DA, 

AaC 

6 23 

D A 0 

A 9 C 

8 T ° P V ' EW ” 

□ 51 

□ a. 

Ai,C 

9 20 

Dcs, 

A, 2 H 

10 19 

□ '/o 8 

i/o, a 

11 IB 

□ i/o 7 

i/ojH 

12 17 

□ '/0 6 

1 / 0 , a 

13 16 

□ '/o s 

gnd g 

14 15 

□ 1/O4 


N.C V CC 



A 5 A 4 | N.C j WECSj 




[ 14T t~sTl 6 f 1 7T1 flT 1 9 * 20 ; / 

»/ 0 2 ‘ IVssN.C | I/O5I/O6 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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Fig. 1 — MB 81C78A BLOCK DIAGRAM 


ADDRESS 

BUFFER 


ROW 

DECODER 


256 x 32 x 8 
MEMORY CELL 
ARRAY 


ADDRESS 

BUFFER 


I/O GATE 
& 

COLUMN DECODER 




DATA I/O BUFFER 


I/O-) l/0 2 1 /O 3 I/O 4 I/O 5 I /0 6 1/0 7 I /0 8 


TRUTH TABLE 

I CS, I CS 2 I WE I Of” 


MODE 

SUPPLY 

CURRENT 

I/O 

STATE 

STANDBY 

>SB 

HIGH-Z 

DESELECT 

>CC 

HIGH-Z 

DquT disable 

!cc 

HIGH-Z 

READ 

■cc 

d out 

WRITE 

*CC 

Din 


CAPACITANCE (T A =25°C,f = 1MHz) 

Parameter 

Input Capacitance (V )N = OV) (CS-, , CS 2 , OE, WE) 
Input Capacitance (V )N =0V) (Other Inputs) 

I/O Capacitance (V ( / 0 = OV) 




MB 81C78A-35 Fujitsu 
MB 81C78A-45 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 



Supply Voltage V cc 4.5 


Input Low Voltage V !L -2.U 

Input High Voltage V m 2.2 

1 

Ambient Temperature T A 0 J 

* -2.0V Min. for pulse width less than 20 ns. (V| L Min = -0.5V at DC level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage 

Current 

»LI 

-10 

10 

aa 

Output Leakage 

Current 

•lo 

-10 

10 

MA 

Operating Supply 

Current 

*cc 


90 

mA 

Standby Supply 

•sBI 


15 

mA 

Current 

'SB2 


25 

mA 

Output Low 

Voltage 

VqL 


0.4 

V 


Output High 
Voltage 

Peak Power-on 
Current 


Test Condition 
V IN = 0V to V cc 

CS-, = V ih or CS 2 = V tL or WE = V iL or 
OE = V|h, Vqut = 0V to V cc 

CSi =V IL 

I/O = Open, Cycle = Min 

Vcc = Min to Max. CS-j = V^q — 0.2V 
V, N ^ 0.2V or V )N ^ V CC -0.2V 


n A CS-j — V 1 1 _| 

V l OL = 8mA 

V Ioh = -4mA 


Vcc = 0V to V C c Min. 

CS-) = Lower of Vrr or V.u Min. 
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AC TEST CONDITIONS 

Input Pulse Levels: 0.6V to 2.4V 

Input Pulse Rise And Fall Times: 5ns (Transient time between 0.8V and 2.2V) 

Timing Measurement Reference Levels: Input: 1.5V 

Output: 1.5V 

Fig. 2 

Output Load I. Output Load EL 

For all except t LZ > *HZ' t wz- *o\n> For *lz> *hz> t wz- tow, toLZf an ^ to* 

tOLZ* ancl ^OHZ • 

5V 5V 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB 81 C78A-35 

MB81C78A-45 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

t RC 

35 


45 


ns 

Address Access Time 2 

t AA 


35 


45 

ns 

CS-, Access Time* 3 

. 

t ACS 1 


35 


45 

ns 

CS 2 Access Time* 3 

t ACS2 


15 


20 

ns 

Output Hold from Address Change 

t OH 

3 


3 


ns 

OE Access Time 

toE 


15 


20 

ns 

Output Active from CS 1 * 4 * 5 

t L zi 

5 


5 


ns 

Output Active from CS 2 * 4 * 5 

t LZ2 

3 


3 


ns 

Output Active from OE* 4 * 5 

t OLZ 

3 


3 


ns 

Output Disable from CS-i * 4 * 5 

^HZ 1 


20 


25 

ns 

Output Disable from CS 2 * 4 * 5 

t HZ2 


20 


25 

ns 

Output Disable from OE* 4 * 5 

t OHZ 


20 


25 

ns 


Note: 


*1 WE is high for Read cycle. 

*2 Device is continuously selected, CS-| = V tL , CS 2 = V m and OE = V !L . 

*3 Address valid prior to or coincident with CS-, transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load 0 in Fig. 2. 
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READ CYCLE TIMING DIAGRAM* 1 
READ CYCLE I: ADDRESS CONTROLLED* 2 



READ CYCLE H: CS 1f CS 2 CONTROLLED* 3 



Note: *1 

*2 

*3 

*4 

*5 


WE is high for Read cycle. 

Device is continuously selected, CS, = V|l_^CS 2 = V, H and OE = V jL . 

Address valid prior to or coincident with CS, transition low, CS 2 transition high. 
Transition is specified at the point of ±500mV from steady state voltage. 

This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE * 1 


Write Cycle Time 2 t wc 35 45 ns 

CS-, to End of Write t cwi 30 40 ns 

CS 2 to End of Write t CW2 20 25 ns 

Address Valid to End of Write t AW 30 40 ns 

Address Setup Time t AS 0 0 ns 

Write Pulse Width t WP 20 25 ns 

Data Setup Time t D w 17 20 ns 

Write Recovery Time* 3 t WR 3 3 ns 

Data Hold Time t DH 0 0 ns 

Output High-Z from WE* 4 * 5 t wz 15 20 ns 

Output Low-Z from WE* 4 * 5 t ow 0 0 ns 

Note: *1 If CSt goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 

*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 



mmmm 
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WRITE CYCLE TIMING DIAGRAM * 1 

WRITE CYCLE I: CS-, , CS 2 CONTROLLED 



Note: 


*1 If OE, CS-i , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycle are determined from the last address transition to the first address transition of next address. 

*3 t WR is defined from the end point of WR ITE Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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1 If OE, CSt , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

2 All write cycles are determined from the last address transition to the first address transition of next address. 

3 t WR is defined from the end point of WRITE Mode. 

4 Transition is specified at the point of ±500mV from steady state voltage- 

5 This parameter is specified with Load II in Fig. 2. 
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Fig. 3 - NORMALIZED ACCESS 
TIME vs. SUPPLY VOLTAGE 



V cc , SUPPLY VOLTAGE (V) 


Fig. 5 - NORMALIZED POWER SUPPLY 
CURRENT vs. AMBIENT TEMPERATURE 



0 20 40 60 80 


T A , AMBIENT TEMPERATURE (°C) 


Fig. 4 - NORMALIZED ACCESS 
TIME vs. AMBIENT TEMPERATURE 



T a , AMBIENT TEMPERATURE (°C) 


Fig. 6 - NORMALIZED POWER SUPPLY 
CURRENT vs. AMBIENT TEMPERATURE 



0 20 40 60 80 

T a# AMBIENT TEMPERATURE (°C) 


Fig. 7 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 
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I cc , NORMALIZED POWER 

t AC S1 > NORMALIZED access time supply current 


MB81C78A-35 
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Fig. 8 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 


Fig. 9 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 


C Lf LOAD CAPACITANCE (pF) 


Fig. 10 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 


Fig. 11 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 


C L , LOAD CAPACITANCE (pF) 


C L , LOAD CAPACITANCE (pF) 


Fig. 12 - NORMALIZED POWER 
SUPPLY CURRENT vs. FREQUENCY 



FUJITSU 


1-83 





FUJITSU MB81C78A-35 
I1IIII1H MB81C78A-45 


PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: P-SK) 


28-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No,: DIP-28P-M04) 





.01 8 ±.003 
(0.4610.08) 


.020(0.51 )MiN 
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PACKAGE DIMENSIONS 

CERAMIC LCC (Suffix: -CV) 






CMOS 73728-BIT 
STATIC RANDOM 


MB81C79A-35 

MB81C79A-45 



Novenber 1987 

72K-BIT (8192x9) HIGH SPEED CMOS STATIC RANDOM Editl0n 2 0 

ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB 81C79A is 8192 words x 9 bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of tjme. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CSi ) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CS q , the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 9 bits 

• Static operation: No clock or timing strobe required 

• Fast access time: t AA =t ACS1 = 35 ns max. (MB 81C79A-35) 

t AA = t ACS1 = 45 ns max. (MB 81C79A-45) 

• Low power consumption: 495 mW max. (Operating) 

138 mW max. (Standby, TTL level) 

83 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 28-pin Plastic DIP package (Suffix: -P-SK) 

• Standard 28-pin Bend type Plastic Flat package (Suffix: -PF) 

• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) 

ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V, N 

-3.5 to +7 

V 

Output Voltage on any I/O 
with respect to GND 

V OUT 

-0.5 to +7 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

T BIAS 

-10 to +85 

°C 

Storage 

PLASTIC 

T 

-40 to +125 


Temperature 

CERAMIC 

■ STG 

-65 to +150 

C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



This device contains circuitry to protect the 
inputs against damage due to*high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB81C79A-35 FUJITSU 
MB81C79A-45 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-2.0* 


0.8 

V 

Input High Voltage 

V,H 

2.2 


6.0 

V 

Ambient Temperature 

t a 

0 


70 

°C 


* -2.0V Min. for pulse width less than 20 ns. (V )L Min = -0.5V at DC level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Condition 

Input Leakage 

Current 

Ili 

-10 

10 

ma 

Vin = 0V to V cc 

Output Leakage 

Current 

* LO 

-10 

10 

ma 

CS-i — V||_| or CS 2 — V 1 1 _ or WE = Vm or 

OE = V|h, Vqut = 0V to Vcc 

Operating Supply 

Current 

•cc 


90 

mA 

CSi =V iL 

I/O = Open, Cycle = Min 

Standby Supply 

Current 

•sBI 


15 

mA 

V cc = Min to Max. CS-j = Vcc - C-2V 

V, N <0.2V or V IN ^ V CC -0.2V 

•sB2 


25 

mA 

X 

> 

11 

(CO 

10 

Output Low 

Voltage 

VOL 


0.4 

V 

Iql = 8mA 

Output High 

Voltage 

VoH 

2.4 


V 

Iqh = - 4mA 

Peak Power-on 

Current 

•pO 


50 

mA 

l 

Vcc = 0V to Vcc Min. 

CSi = Lower of V C c c» r V tH Min. 
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MB81C79A-35 FUJITSU 
MB81C79A-45 111111111111111111 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE ' 1 


Parameter 

Symbol 

MB 81C79A-35 

MB 81C79A-45 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

t hc 

35 


45 


ns 

Address Access Time* 2 

1 AA 


35 


45 

ns 

CSt Access Time* 3 

t ACS1 


35 


45 

ns 

CS 2 Access Time* 3 

t ACS2 


15 


20 

ns 

Output Hold from Address Change 

t OH 

3 


3 


ns 

OE Access Time 

X OE 


15 


20 

ns 

Output Active from CSi * 4 * 5 

tLZI 

5 


5 


ns 

Output Active from CS 2 * 4 * 5 

t LZ2 

3 


3 


ns 

Output Active from OE* 4 * 5 

toLZ 

3 


3 


ns 

Output Disable from CSt * 4 * 5 

tHZI 


20 


25 

ns 

Output Disable from CS 2 * 4 * 5 

t|HZ2 


20 


25 

ns 

Output Disable from OE* 4 * 5 


toHZ 


20 


25 

ns 


Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS-! = V )L , CS 2 = V m and OE = V )L . 

*3 Address valid prior to or coincident with CS-| transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 


D 
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MB81C79A-35 

MB81C79A-45 


FUJITSU 


READ CYCLE TIMING DIAGRAM* 1 
READ CYCLE I: ADDRESS CONTROLLED* 2 



READ CYCLE H: CSt , CS 2 CONTROLLED* 3 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS-j = V| L , CS 2 = V (H and OE = V )L . 

*3 Address valid prior to or coincident with CS 1 transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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Note: *1 

*2 

*3 

*4 

"5 


MB81C79A-35 

MB81C79A-45 


WRITE CYCLE TIMING DIAGRAM* 1 


WRITE CYCLE I: CS 1# CS 2 CONTROLLED 



If OE, CS-, , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

All write cycle are determined from the last address transition to the first address transition of next address. 
t WR is defined from the end point of WRITE Mode. 

Transition is specified at the point of ±500mV from steady state voltage. 

This parameter is specified with Load 0 in Fig. 2. 
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FUJITSU MB81C79A-35 
MB81C79A-45 


Fig. 3 - NORMALIZED ACCESS 
TIME vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 


Fig. 5 - NORMALIZED POWER SUPPLY 
CURRENT vs. AMBIENT TEMPERATURE 



0 20 40 60 80 

T A/ AMBIENT TEMPERATURE (°C) 


Fig. 4 - NORMALIZED ACCESS' 
TIME vs. AMBIENT TEMPERATURE 



t a , AMBIENT TEMPERATURE (°C) 


Fig. 6 - NORMALIZED POWER SUPPLY 
CURRENT vs. AMBIENT TEMPERATURE 



0 20 40 60 80 

T a , AMBIENT TEMPERATURE (°C) 


Fig. 7 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 

V cc , SUPPLY VOLTAGE (V) 
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I cc , NORMALIZED POWER 

t ACS1 , NORMALIZED ACCESS TIME SUPPLY CURRENT 


MB81C79A-35 fujitsv 
MB81C79A-45 


Fig. 8 - NORMALIZED POWER SUPPLY 
CURRENT vs. SUPPLY VOLTAGE 



Fig. 10 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 


C L , LOAD CAPACITANCE (pF) 


Fig. 9 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 

C L , LOAD CAPACITANCE (pF) 

Fig. 11 - NORMALIZED ACCESS 
TIME vs. LOAD CAPACITANCE 



0 1 00 200 
C L , LOAD CAPACITANCE (pF) 


Fig. 12 - NORMALIZED POWER 
SUPPLY CURRENT vs. FREQUENCY 



1 10 
f, FREQUENCY (MHz) 
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FUJITSU MB81C79A-35 
MB81C79A-45 


PACKAGE DIMENSIONS 

PLASTIC DIP (Suffix: P-SK) 

28-LEAD PLASTIC DUAL-IN-LINE -PACKAGE 
(CASE No.: DIP-28P-M04) 



1986 FUJITSU LIMITED D28018S-2C 


Dimensions in 
inches (millimeters) 






FUJITSU MB81C79A-35 
MM MB81C79A-45 


PACKAGE DIMENSIONS 

CERAMIC LCC (Suffix: -CV) 


32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 



* Shape of PIN NO. 1 INDEX : Subject to change without notice. 

Dimensions in inches 
(millimeters) 


©FUJITSU LIMITED 1987 C32011S-3C 



FUJITSU 


CMOS 262,144 BIT 
STATIC RANDOM 
ACCESS MEMORY 


MB81C81A-35 

MB81C81A-45 


262,144 WORDS x 1 BIT HIGH SPEED CMOS STATIC 
RANDOM ACCESS MEMORY 

The Fujitsu MB81C81A is 262,144 words x 1 bit static random access memory 
fabricated with a CMOS technology. 

Since MB81C81 A consists of NMOS cells and CMOS peripherals, It is packaged in 300 
mil DIP and reached low power dissipation such as 550 mW. 

It uses fully static circuitry and therefore requires no clocks or refreshing to operate. 

The MB81C81 A is designed for memory applications where high performance, low cost, 
large bit storage and simple interfacing are required. 

MB81C81 A Is compatible with TTL logic families in all respects; Input, output and a 
single +5 V supply. 

• Organization: 262,144 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 35 ns max. (MB81C81A-35) 

45 ns max. (MB81C81 A-45) 

• Single +5V supply 45 0% tolerance 

• Separate data input and output 

• TTL compatible inputs and output 

• Three-state output with OR-tle capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 300 mil width 24-pin Dual In-Line Package 
(Suffix: Plastic DIP; P-SK, Ceramic DIP; C-SK) 

24 pad LCC (Suffix: CV) 

24 pad SOJ (Suffix: PJ) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin with to GND 

VlN 

-3.5* to +7 

V 

Output Voltage on any pin with to GND 

VOUT 

-0.5 to +7 

V 

Output Current 

lOUT 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature under Bias 

Tbias 

-10 to +85 

°C 

Storage Temperature 

CERAMIC 

Tstg 

-65 to +150 

°c 

PLASTIC 

-45 to +125 


* DC: min. = -0.5 V 
NOTE: 

Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 


May 1988 
Edition 1.0 



PLASTIC PACKAGE 



CERAMIC PACKAGE 
(DIP-24C-A08) 



PLASTIC PACKAGE 
( LCC-24P-M02 ) 

LCC-24C-A02, See page 11 


PIN ASSIGNMENT 


DIP, SOJ 
Al6 [ 
Al7 [ 
Al3 [ 
Al2 [ 
All [ 
Al4 [ 
A15 [ 
Aio [ 

A9 [ 

DOUT dj 
WE 
GND 


1 

-W 

24 

□ 

Vcc 

2 


23 

□ 

Ao 

3 


22 

P 

Ai 

4 


21 

□ 

A2 

5 


20 

□ 

A3 

6 

TOP 

19 

□ 

A4 

7 

VIEW 

18 

□ 

A 7 

8 


17 

□ 

A6 

9 


16 

□ 

A5 

10 


15 

□ 

A8 

11 


14 

□ 

Din 

12 


13 

□ 

C3 


This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields. However, It is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high impedance 
circuit. 


Copyright ©1988 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB81C81A-35 

MB81C81A-45 


FUJITSU 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

VlL 

-0.5* 


0.8 

V 

Input High Voltage 

VlH 

2.2 


6.0 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


* -3.0 V Min. for pulse width less than 20 ns. 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

Vin = 0 V to Vcc 

Vcc = Max. 

ILI 

-10 


10 

jiA 

Output Leakage Current 

CS = VlH, 

Vout = 0 V to 4.5 V 

Vcc = Max. 

ILO 

-50 


50 

|lA 

Power Supply Current 

CS = VlL, 

Iout = 0 mA 
Vcc = Max. 
Cycle = Min. 

MB81C81 A-45 

Icc 



100 

mA 

MB81C81 A-35 

120 

Standby Current 

Vcc = Min. to Max. 

CS > Vcc -0.2 V 

Vin < 0.2 V or 

Vin > Vcc - 0.2 V 

ISB1 



15 

mA 

Vcc = Min. to Max. 

CS = Vih 

ISB2 



30 

Output Low Voltage 

Iol = 16 mA 

VOL 



0.4 

V 

Output High Voltage 

Ioh = -4 mA 

VOH 

2.4 



V 

Peak Power on Current 1 

Vcc = 0 to Vcc Min. 

CS = Lower of Vcc or 

Vih Min. 

IPO 



30 

mA 


*1 A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current 
approaches Icc active. 
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AC TEST CONDITIONS 

Input Pulse Levels: 

0.6 V to 2.4 V 

Input Pulse Rise and Fall Times: 

5 ns 

Timing Measurement Reference Levels: 

Input: Vil = 0.8 V/VlH = 2.2 V 

Output: Vol = 0.8 V/VOH = 2.2 V 

Output Load: Fig. 2 

2> 

n 

< 

< 

j 

7 

r 

> 100 CL 

> 

Dout 

i 

— (Including Scope and Jig) 

Cl: 30 pF for all except tHZ, twz, ti_z and tow. 

77 



AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB81C81A-35 

MB81C81A-45 

Unit 

Min. 

Max. 

Min. 

Max. 

READ CYCLE 

Read Cycle Time *1 

tRC 

35 


45 


ns 

Address Access Time 

tAA 


35 


45 

ns 

Chip Select Access Time *2 

tACSI 


35 


45 

ns 

Output Hold from Address Change 

tOH 

5 


5 


ns 

Chip Selection to Output in Low-Z *3 

tLZ 

5 


5 


ns 

Chip Deselection to Output in High-Z *3 

tHZ 

0 

20 

0 

25 

ns 

Chip Selection to Power Up time 

tPU 

0 


0 


ns 

Chip Deselection to Power Down 

tPD 


35 


45 

ns 


*1 All Read cycles are determined from the iast valid address transitioning to the first address transitioning of next cycle. 
*2 Addesses valid prior to or coincident with CS transition low. 

*3 Transition is measured at the point of ±500 mV from steady state voltage with specified load in Figure 2. 
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READ CYCLE TIMING DIAGRAM 


READ CYCLE: ADDRESS CONTROLLED *1 *2 



READ CYCLE: C3 CONTROLLED *2 





: Undefined r./.l : Don't Care 


*1 CS Is Low. 

*2 WE Is high for Read cycles. 

*3 transition Is measured at ±500mV from steady state voltage with specified load in Fig. II 
*4 Addresses valid prior to or coincident with CS transition low. 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB81C81A-35 

MB81C81A-45 

Unit 

Min. 

Max. 

Min. 

Max. 

WRITE CYCLE 

Write Cycle Time 

twc 

35 


45 


ns 

Chip Selection to End of Write 

tew 

30 


40 


ns 

Address Valid to End of Write 

tAW 

30 


40 


ns 

Address Setup Time 

tASI 

5 


5 


ns 

Address Setup Time 

tAS2 

0 


0 


ns 

Write Pulse Width 

tWP 

25 


30 


ns 

Data Valid to End of Write 

tow 

20 


25 


ns 

Write Recovery Time 

tWR 

5 


5 


ns 

Data Hold Time 

tDH 

0 


0 


ns 

Write Enable to Output In High-Z *1 

twz 

0 

20 

0 

25 

ns 

Output Active from End of Write * 1 

tow 

0 


0 


ns 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: WE CONTROLLED *2 


ADDRESS 


CS 


WE 


DATA IN 


DATA OUT 


1D< 

* t wc 

Valid 

> 

»» 

sm 

s 

Si 

« t cw *■ 

5 

(h 

t WR 

"* t AW *■ 

- W *1 L. . _ . - 




^ l WP 

, 




* tpw 

H 

*DH 


Valid P 

< . 

< 

■■■■ainHi 




XXXXXXXXXXX ) 


High-Z 


M : 


1 ® 


Undefined 


: Don’t Care 


*1 Transition is measured at the point of ±500 mV from steady state voltage. 
*2 CS or WE must be high during address transition. 
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WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED *1 


• twc • 


Us2 


' Uw" 


X 


' tew - 


y[ 


WE 




■ t wp - 


X 


' tDW - 


71 


r twR 


7 7///// 


DATA OUT 


<XXXXXXfr 


tDH 


X 


High-Z 


E3 = 


Undefined I./7I : Don’t Care 


*1 CS OR WE must be high during address transitions. 

*2 All write cycle are determined from last valid address transitioning to the first address transitioning of next cycle. 
*3 Transition is measured at t500mV from steady state voltage with specified load in Fig. II. 


n 
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PACKAGE DIMENSIONS 


24-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-24P-M03) 





Dimensions in 
inches (millimeters) 


©FUJITSU LIMITED 1987 D24017S-2C 
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PACKAGE DIMENSIONS (Continued) 


24-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(CASE No: DIP-24C-A08) 


R.050(1.27)REF 


5 

o 

\ (? ^ 

L J 


o — 



1.1871.012 


,293±.010 

(7.44±0.25) 


.3001.010 

(7.6210.25) 


I .0101.002 
(0.2510.05) 


.050(1. 27)MAX 



. 200(5. 08)MAX 


.0501.010 (3.40 + § '^) 

(1.2710.25) i 


.1001.010 

(2.5410.25) 


.0501.004 
""( 1 . 2710 . 10 ) 

1 . 100(27. 94)REF 


©FUJITSU LIMITED 1986 D24030S 2C 


Dimensions in 
inches (millimeters) 



19 



24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P-M02) 




* : This dimension includes resin protrusion. (Each side: .006(0.1 5)MAX.) 



Dimensions in 
inches (millimeters) 


©1989 FUJITSU LIMITED C24062S-1C 
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PACKAGE DIMENSIONS (Continued) 




CERAMIC PACKAGE 
(LCC-24C-A02) 



Al3 Al7 Al6 VCC A0 



Tj 

3 

2 U 24 

23 


Al2 

4 

1 

22 L 

Al 

All 

U.J 5 


21 L. 

A2 

Al4 

6 

TOP 

20 Cl 

A3 

Al5 

7 

VIEW 

19 c: 

A4 

AiO 

8 


18 c. 

A7 

A9 

::d 9 


17 c:: 

A6 

DOUT 

”] 10 

11 

12 13 14 

i 6 c: 

15 

A5 


WEgndCS din 

A8 



24-LEAD CERAMIC LEADLESS CHIP CARRIER 
(CASE No.: LCC-24C-A02) 



,550±.010 

(13.97i0.25) 



,3501,010 

(8.8910.25) 


* Shape of PIN NO. 1 INDEX: Subject to change 
without notice. 


) FUJITSU LIMITED 1987 C24012S-1C 


R.012(0.30)TYP 
(4PLCS) \ 


.085(2.16) 
TYP i 


.0251,005 1 
(0.6410.13) 


R .008(0. 20)TYP / 
(28PLCS) 


.045(1.14) 

TYP 

.065(1,65) 

TYP 

.083(2,11) 

MAX 


,260(6.60) 
TYP ' 
a .0251,005 
(0.6410.13) 


*PIN NO. 1 x 
INDEX 


I ,0501.006 
^(1.27i0.15) 
t .200(5.08) ^ 
TYP ^ 


| ,045(1,14) 
' TYP 


.0501,006 
I (1.2710.1 5) 


.460(11.68) 
I TYP 
.300(7.62) I 
TYP 


.125(3.175) 4 
TYP L 

.045(1 /M)f 
TYP 
,075(1.905) 

TYP 

Dimension in 
inches (millimeters) 



High-speed CMOS SRAMs 


Static RAM Data Book 
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FUJITSU 

MB81 C84A-35/-45 

CMOS 256K-BIT HIGH SPEED SRAM 


65,536 WORDS x 4 BITS HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB81 C84A is a 65,536-words by 4-bits static random access memory fabricated 
with a CMOS siiicon-gaie process. To maKe power aissipaaon lower, penpnerai circuits 
consist of CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. MB81 C84A has 300mil plastic DIP and 300mil plastic small outline 
J-lead (SOJ) as package option. The memory utilizes asynchronous circuitly and requires 
+5V power supply. All pins are TTL compatible. 

The MB81C84A is ideally suited for use in latge computer systems and other applications 
where fast access time, large capacity and ease of use are required. All devices offer the 
advantages of low power dissipation, low cost and high performance. 

• Organization: 65,536 words x 4 bits 

Fast access time: tAA = tACS = 35ns max.(MB81C84A-35) 

tAA = Iacs = 45ns max. (MB81 C84A-45) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Common data input/output 

• Single +5V power supply, ±10% tolerance 

• Low power standby: 660m W max. (Active) 

165mW max. (Standby, TTL level) 

83mW max. (Standby, CMOS level) 

• Standard 24-pin PLASTIC DIP package (300mil): Suffix -P-SK 

• Standard 24-pin PLASTIC SOJ package (300mil): Suffix -PJ 


ABSOLUTE MAXIMUM RATINGS (see NOTE.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

D 

Input Voltage 

VlN 

-3.0 to +7.0 

D 

Output Voltage 

VOUT 

-0.5 to +7.0 

D 

Output Current 

lOUT 

±20 

mA 

Power Dissipaiton 

PD 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

■1 

Storage Temperature Range 

Tstq 

-45 to +125 

mm 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



PLASTIC PACKAGE 
DIP-24P-M03 



PLASTIC PACKAGE 
LCC-24P-M02 


PIN ASSIGNMENT 

A15 

1 

24 

□ vcc 

AOC 

2 

23 

□ A14 

A.C 

3 

22 

D A13 

«c 

4 

21 

□ A12 

A*C 

5 

20 

3 All 

A4 C 

6 

19 

□ A10 



TOP VIEW 


a® EZ 

7 

18 

□ A9 

A6 C 

8 

17 

2 ] 1/04 

A? C 

9 

16 

□ 1/03 

AeC 

10 

15 

□ 1/02 

osC 

11 

14 

I] 1/01 

GND [2 

12 

13 

22 WE 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, ft is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 


Quick Pro™ is a trademark of FUJITSU LIMITED 

Copyright© 987 by FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 
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MB81C84A-35 

MB81C84A-45 



CAPACITANCE (TA= 25 °c,f=iMHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance (Vi/o = OV) 

COUT 



8 

PF 

Input Capacitance (Vcs = OV) 

Ccs 



8 

pF 

Input Capacitance (Vin = OV) 

ClN 



6 

PF 
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MB81C84A-35 

MB81C84A-45 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

Ta 

0 


70 

°c 



nr* ru jida ^tcdiotioc 

uu vi inrmv i &_■ nv i i w 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Condition 

Standby Supply Current 

ISB 1 


15 

mA 

Vcc = Min. to Max. 

C3 = Vcc -0.2V, Vin ^ Vcc-0.2V or Vin g 0.2V 

Standby Supply Current 

ISB2 


30 

mA 

Vin = Vin or Vil 

£5 = Vih, Vcc = Min. to Max. 

Operating Supply Current 

Icc 


120 

mA 

Cycle = Min., Iout = 0mA, CS*= Vil 

Input Leakage Current 

ILI 

-10 

10 

pA 

Vin = 0 to Vcc 

Output Leakage Current 

lu/o 

-50 

50 

pA 

CS = Vih, Vout = 0 to Vcc 

Input Low Voltage 

Vil 

-2.0 *i 

0.8 

V 


Input High Voltage 

Vih 

2.2 

6.0 

V 


Output High Voltage 

Voh 

.24 


V 

Ioh = -4mA 

Output Low Voltage 

Vol 


0.4 

V 

Iol = 8mA 


Note: All voltages are referenced to GNO 

*1 -2.0V Min. for pulse width less than 20 ns. (Vil min. = -0.5V at DC level) 


Fig. 2 - AC TEST CONDITIONS 


• Output Load • Input Pulse Levels: 0.6V to 2.4V 

• Input Pulse Rise & Fall Times: 5 ns (Transient between 0.8V and 2.2V) 

• Timing Reference Levels: Input: Vil = 0.8V, Vih = 2.2V 

Output: Vol = 0.8V, Voh = 2.2V 


+5V 



* Including Scope and Jig Capacitance 



R1 

R2 

CL 

Parameters Measured 

Load I 

480Q 

2550 

30pF 

except tLZ, tHZ, twz, and tow 

Load n 

4800 

2550 

5pF 

tLZ, tHZ, tWZ, tOW 
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MB81C84A-35 

MB81C84A-45 


m 


AC CHARACTERISTICS 


(Recommended operating condiitons unless otherwise noted.) 
READ CYCLE 


Parameter 

Symbol 

MB81C84A-35 

MB81C84A-45 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

35 


45 


ns 

Address Access Time 

tAA 


35 


45 

ns 

Chip Selection Access Time 

tACS 


35 


45 

ns 

Output Hold from Address Change 

tOH 

0 


0 


ns 

Output Hold from Chip Selection 

tOHC 

0 


0 


ns 

Chip Selection to Output Low-Z 

tLZ 

5 


5 


ns 

Chip Deselection to Output High-Z 

tHZ 

0 

20 

0 

25 

ns 

Power Up from Chip Selection 

tPU 

0 


0 


ns 

Power Down from Chip Selection 

tPD 


35 


35 

ns 


READ CYCLE TIMING DIAGRAM *1 


READ CYCLE *3 






m tnc 

ADDRESS 

: >* 




Note: *1 WE is high for Read cycle. 

*2 All Read cycle timings are referenced from the last valid address to the first transtioning address. 
*3 Device »s continously selected, CS = Vil. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at ±500mV from steady state voltage specified load in Fig. 2. 
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MB81 C84A-35 
MB81C84A-45 


WRITE CYCLE 


Parameter 

Symbol 

MB81C84A-35 

MB81C84A-45 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time 

twc 

35 


45 


ns 

Address Valid to End of Write 

tAW 

30 


35 


ns 

Chip Select to End of Write 

tew 

30 


35 


ns 

Data Valid to End of Write 

tDW 

15 


20 


ns 

Data Hold Time 

tDH 

5 


5 


ns 

Write Pulse Width 

tWP 

30 


35 


ns 

Address Setup Time from WE 

tASI 

2 


5 


ns 

Address Setup Time from 33 

tAS2 

0 


0 


ns 

Write Recovery Time 

tWR 

3 


5 


ns 

Output High-Z from Write Enable 

twz 

0 

15 

0 

15 

ns 

Output Low-Z from Write Enable 

tow 

5 


5 


ns 


WRITE CYCLE TIMING DIAGRAM *1*2*5 



b(A Undefined J^Jj Don’t Care 


Note: *1 £5 or WE must be high during address transitions. 

*2 If 63" goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Read cycle timings are referenced from the last valid address to the first transitioning address. 

*4 Transition measured at ±500mV from steady state voltage with specified toad in Fig. 2. 

*5 If 33 is in the READ mode during this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 


n 
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MB81C84A-35 

MB81C84A-45 


WRITE CYCLE TIMING DIAGRAM (Continued) *1*2*4 


WRITE CYCLE fl: CS CONTROLLED *1*2 



E3 Undefined |||||j Don’t Care 


Note: *1 '^5 or~W£ must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 

*4 If CS is in the READ mode during this period, I/O pins are in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 
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Isb i , ISB 2 , NORMALIZED STANDBY Ice, NORMALIZED OPERATING 

SUPPLY CURRENT SUPPLY CL RRENT 


MB81C84A-35 

MB81C84A-45 


TYPICAL CHARACTERISTICS CURVES 


Fig. 3 - OPERATING SUPPLY CURRENT 



4.5 5.0 5.5 

Vcc, SUPPLY VOLTAGE (V) 


Fig. 4- OPERATING SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


CD 

2 


LD LU 

cr 

Occ 


LU o 

N> 


Q W 


8 



0 20 40 60 80 

Ta, AMBIENT TEMPERATURE (°C) 


Fig. 5 - STANDBY SUPPLY CURRENT 



4.5 5.0 5.5 


Fig. 6 - STANDBY SUPPLY CURRENT 
vs. AMBIENT TEMPERATURE 


c />2 

!§ 

a 



0 20 40 60 80 


Vex, SUPPLY VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


Fig. 7- OPERATING SUPPLY CURRENT 


o 

2 


Otr 

So 

29 ; 



0 5 10 50 100 

f, FREQUENCY (MHz) 
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MB81C84A-35 

MB81C84A-45 


TYPICAL CHARACTERISTICS CURVES (Continued) 


Fig. 8 - ”H” LEVEL OUTPUT VOLTAGE 
vs. ”H” LEVEL OUTPUT CURRENT 


o> 

m< 



Ioh, ”H" LEVEL OUTPUT CURRENT (mA) 

Fig. 10- ACCESS TIME 
vs. SUPPLY VOLTAGE 



4.5 5.0 5.5 


Fig. 9 - ”L” LEVEL OUTPUT VOLTAGE 
vs. ”L” LEVEL OUTPUT CURRENT 



0 5 10 15 20 

Iol, "L" LEVEL OUTPUT CURRENT (mA) 


Fig. 11 - ACCESS TIME 
vs. AMBIENT TEMPERATURE 



0 20 40 60 80 


Vex:, SUPPLY VOLTAGE (V) 


Ta, AMBIENT TEMPERATURE (°C) 


Fig. 12- ACCESS TIME 



0 50 100 150 200 


Cl, LOAD CAPACITANCE (pF) 
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PACKAGE DIMENSIONS 







MB81C84A-35 

MB81C84A-45 


PACKAGE DIMENSIONS (Continued) 


24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P-M02) 


r nnR/iR R9+n 1 


.300(7.62) 

NOM 



Details of “A" part ) 


.102(2.60) 

NOM 


: This dimension includes resin protrusion. (Each side: ,006(0.15)MAX.) 
989 FUJITSU LIMITED C24052S-1C 


n~c 

~l 

J U UU □ U U TJ-TTTLTT 

.0501.005 

(1.2710.13) 

r* 

.091(2. 

31) 

& 

r 

1 .550(13. 97)REF 1 

NOM 

K- 

1 — 


.3401.005 
| (8.6410.13) 

.2731.020 I 
(6.9310.51) 


.025(0.64) 

MIN 


.144(3.66) 

MAX 


-.032(0.81 )MAX 


(0.4310.10) Dimensions m 

inches (millimeters) 
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FUJITSU 


CMOS 262,144-BIT 
STATIC RANDOM 
ACCESS MEMORY 


MB 81C86-55 
MB 81C86-70 


September 1986 
Edition 1.0 


64K x 4 BIT(262,144-BIT) HIGH SPEED STATIC RANDOM 
ACCESS MEMORY WITH AUTOMATIC POWER DOWN 

l he f-ujitsu iviB oi C66 is a 65,G3G-woiu» by 4-bits static rar.do.T. ccccsc 
memory fabricated with a CMOS silicon gate process. To make power dissipa- 
tion lower, peripheral circuits consist of CMOS technology, and to obtain 
smaller chip size, cells consist of NMOS transistors and resistors. The memory 
utilizes asynchronous and requires single +5V power supply. All pins are TTL 
compatible. 

The MB81C86 is ideally suited for use in large computer systems and other 
applications where fast access time, large capacity and ease of use are required. 
All devices offer the advantages of low power dissipation, low cost and high 
performance. 


• Organization: 65,536 words x 4 bits 

• Fast access time: t AA = t ACS = 55 ns max. (MB 81C86-55) 

t AA =: t A Qs =: 70 ns max. (MB 81 C86-70) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Separate data input/output 

• Single +5V power supply, ±10% tolerance 

• Low power standby: 550 mW max. (Active) 

55 mW max. (Standby) 

• Standard 28-pin DIP: (Suffix: -C) 

• Standard 32-pad LCC: (Suffix: -CV) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

V C c 

-0.5 to +7.0 

V 

Input Voltage 

V,N 

-3.0 to +7.0 

V 

Output Voltage 

VoUT 

-0.5 to +7.0 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Storage Temperature Range 

Tstg 

-65 to +1 50 

°C 



CERAMIC PACKAGE 
DIP-28C-A07 



CERAMIC PACKAGE 
LCC-32C-A02 


PIN ASSIGNMENT 




f 1 ,’32^31' » 

X 


A* 








An 



NC 

Ai2 

8 1 


A, 

Ai3 

9 \ TOP VIEW 


A 0 






if; 




12 j 




i 3 ; 


0 2 


\ fl4;i5;i6.!7?18;i9i20«‘ 

J 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB 81C86-55 

llllllllllllllllllllllllllllllillltll MB 81C86-70 


Fig. 1 - MB 81C86 BLOCK DIAGRAM 



CAPACITANCE (T a = 25°C,f = 1MHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Output Capacitance (V 0 ut = OV) 

Gout 



8 

pF 

Input Capacitance (Vcs - OV) 

C cs 



7 

pF 

Input Capacitance (V )N = OV) 




6 

pF 
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MB 81C86-55 Fujitsu 
MB 81C86-70 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-3.0* 1 


0.8 

V 

Input High Voltage 

V,H 

2.2 


6.0 

v 

Ambient Temperature 

T a 

0 


70 

°c 


*1 -3.0 V Min. for pulse width less than 20 ns. (V| L min. = -0.5 V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Conditions 

Standby Supply Current 

•sb 


10 

mA 

cs = V.h 

V, N = 0 V to V qq 

Operating Supply Current 

*cc 


100 

mA 

Cycle = Min., I 0 ut = 0 mA 

CS = V IL 

Input Leakage Current 

'Ll 

-5 

5 

ma 

Virv = 0 V to V c c 

Output Leakage Current 

•lo 

-5 

5 

juA 

CS = V IH 

V out = 0 V to V cc 

Output High Voltage 

V OH 

2.4 


V 

1 o h = rnA 

Output Low Voltage 

VOL 


0.4 

V 

1 q l = 5 m A 

Peak Power-on Current 

Ipo 


40 

i 

mA 

Vcq = 0V to Vcc: MAX. 

CS = Lower of V C c or V| H Min. 


Note: All voltages are referenced to GND 


Fig. 2 -AC TEST CONDITIONS 


Input Pulse Levels: 

Input Pulse Rise & Fall Times: 
Timing. Reference Levels: 

Output Load 


0.6V to 2.4V 

5ns (Transient between 0.8V and 2.2 V) 

Input: V, L = 0.8V, V, H = 2.2V 

Output: V 0 l = 0.8V, V 0 h = 2.2V 

+5 V 


d out 



* Including Scope and Jig Capacitance 



R 1 

r 2 

C L 

Parameters Measured 

Load I 

480 fi 

255J2 

30pF 

except t|_ 2 , 3od tQ^y 

Load II 

480fi 

25517 

5pF 

X LZ> X HZ> X WZ' l OW 
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FUJITSU MB 81C86-55 
' MB 81C86-70 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB 81C86-55 

MB 81C86-70 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time* 2 

t RC 

55 


70 


ns 

Address Access Time* 3 

*AA 


55 


70 

ns 

CS Access Time* 4 

t ACS 


55 


70 

ns 

Output Hold from Address Change 

*OH 

5 


5 


ns 

Output Hold from CS 

t OHC 

5 


5 


ns 

Chip Selection to Output Low-Z * 5 

t L z 

10 


10 


ns 

Chip Deselection to Output High-Z 5 

t H z 

5 

25 

5 

25 

ns 

Power Up from CS 

tpU 

0 


0 


ns 

Power Down from CS 

tpD 


40 


40 

ns 


READ CYCLE TIMING DIAGRAM * 1 


READ CYCLE I: ADDRESS CONTROLLED* 3 



-m tRC 

*2 no 


ADDRESS ^ 

VALID 

;> 

<L 


-* tAA 


— tQH — 


Dqut PREVIOUS DATA VALID y(y 

* DATA VALID 

K£_ 


READ CYCLE II: CS CONTROLLED* 4 



— » t BC — 


ADDRESS ^ 

VALID ^ 

^ 



Note: *1 WE is high for Read cycle. 

*2 All Read cycle timings are referenced from the last valid address to the first transitioning address. 
*3 Device is continuously selected, CS = V| L . 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is specified ±500mV from steady state voltage with specified load II in Fig. 2. 
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FUJITSU MB 81C86-55 

lllllllillllllli|ill;ll!!ll MB 81C86-70 


WRITE CYCLE II: CS CONTROLLED ' 1 ' 2 



— twC— » 

- 

ADDRESS ^ 

. > 

( 


f AW »H 



X AS 

— t cw ► 

V 

tWR* 4 

CS 

1' 



%p 

t a 

- 


>7/777777/) 





tDH 


■ -uvv — r— 


°IN 


y 

r \ 

DATA VALID 

* 7 

< 

n 

tLz; 5 

a; 

m X \NZ* S m 

m 

\ High-Z 

]\A 

y 


El : Undefined 


Note: *1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
*4 t W R is defined from the end point of WRITE Mode. 

*5 Transition is specified ±500mV from steady state voltage with specified Load II in Fig. 2. 
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Fujitsu MB 81C86-55 

llllllllllllllllllllllinitlllllllll! MB 81C86-70 


PACKAGE DIMENSIONS 

(Suffix: -CV) 


32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 



Dimensions in inches 
(millimeters) 

*Shape of Pin 1 index : Subject to change without notice 


©1985 FUJITSU LIMITED C32011S 




CMOS 294912-BIT 
STATIC RANDOM 
ACCESS MEMORY 


lllllll 111 

iiiiiii 

in 


FU« 

JITS 

1U 

min 


RWII 

III 


MB8289-25 

MB8289-35 


32K x 9-BIT STATIC RANDOM ACCESS MEMORY 
WITH PARITY GENERATOR AND CHECKER 


The Fujitsu MB8289 is 32768 words x 9 bits high speed static random access 
memory with parity generator and checker, fabricated with CMOS technology. 
To obtain bmaiici Jiip, cell cor , zlztz of N!Y!OS transistors and resistor 
this device is assembled in 300 mil DIP and has such small power dissipation 
as 605mW max. 

All pins are TTL compatible and single 5 volt power supply is required. 

A separate chip select (CSi ) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CSi the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 


• Organization: 32768 words x 9 
bits 

• Static operation: no clocks or 
timing strobe required 

• Fast access time: 

f aa = f acsi = 25ns max, 
t A cs 2 = 14ns max (MB8287-25) 
f aa = t A csi = 3 5ns max, 
t A cs 2 = 15ns max (MB8287-35) 

• Low power consumption: 

715mW max. (Operating) for 25ns 
605mW max. (Operating) for 35ns 
138mW max. (TTL Standby) 

83mW max. (CMOS Standby) 

• Single +5V supply ±10% tolerance 


• TTL compatible inputs and out- 
puts 

• Three-state outputs with OR-tie 
capability 

• Chip select for simplified memory 
expansion, automatic power down 

• Internal parity generator and 
checker. 

• All inputs and outputs have pro- 
tection against static charge 

• Standard 32-pin DIP package 
(300 mil): (Suffix: P-SK) 

• Standard 32-pin FPT package 
(450 mil): (Suffix: PF) 


ABSOLUTE MAXIMUM RATINGS (Sae NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V,n 

-3.5 to +7 

V 

Output Voltage on any I/O 
pin with respect to GND 

VoUT 

-0.5 to +7 

V 

Output Current 

loUT 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Storage Temperature Range 

Tstg 

-45 to 1 25 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


April 1989 
Edition 1 .0 



PLASTIC PACKAGE 
(DIP-32P-M02) 



PLASTIC PACKAGE 
(FPT-32P-M02) 


PIN ASSIGNMENT 


a 5 C 

1 


32 

3 V CC 

a 4 C 

2 


31 

□ a 6 

a 3 C 

3 


30 

DA 7 

A 2 C 

4 


29 

□ a 8 

AiC 

5 


28 

□ a 9 

AoC 

6 


27 

3A,o 

A 12 C 

7 


26 

□ A-,-, 

A 13 C 

8 

TOP VIEW 

25 

□ N.C. 

A 14 C 

9 


24 

□ CSt 

OEC 

10 


23 

□ we 

cs 2 c 

11 


22 

□ l/0 9 

i/o,c 

12 


21 

□ i/o 8 

i/o 2 C 

13 


20 

□ i/0 7 1 

1 /O 3 C 

14 


19 

□ l/ 0 6 

1 /O 4 C 

15 


18 

□ l/0 5 

GNDC 

16 


17 

□ gndq 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB8289-25 

MB8289-35 


FUJITSU 

Illlllllllllllllll 


Fig. 1 - MB8289 BLOCK DIAGRAM 



TRUTH TABLE 


CS, 

CS 2 

WE 

OE 

MODE 

SUPPLY CURRENT 

I/O STATE 

H 

X 

X 

X 

STANDBY 

•sb 

HIGH-Z 

L 

L 

X 

X 

DESELECT 

Icc 

HIGH-Z 

L 

H 

H 

H 

D out DISABLE 

!cc 

HIGH-Z 

L 

' 

H 

H 

L 

READ 

•cc 

Dout 

L 

H 

L 

X 

WRITE 

icc 

Din 


CAPACITANCE (T a = 25°C,f =1 MHz) 


Parameter 

Condition 

Symbol 

Min 

Typ 

Max 


Input Capacitance (CS-j , CS 2 , OE, WE) 

> 

0 

11 

z 

> 

C 1 1 



8 

pF 

Input Capacitance (Other Input) 

> 

0 

11 

z 

> 

C 12 



7 

pF 

I/O Capacitance 

V l/0 = OV 

C|/o 



8 

pF 
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RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

T a 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherside noted.) 


Parameter 

Symbol 

Test Conditions 

Min 

Max 

Unit 

Standby Supply Current 

•sbi 

CSi > V CC -0.2V 

V, N ^ V CC -0.2V or V )N) ^ 0.2V 


15 

mA 

Isb2 

V 1N 0.2V 

CS, = V,h 


25 

mA 

Operating Supply 
Current 

25ns 

*cc 

Iqut = 0mA, CSt = V )L 

Cycle = Min. 


130 

mA 

35ns 

110 

Input Leakage Current 

II. 

V IN = 0V to V cc 

-5 

5 

MA 

Output Leakage current 

•li/o 

CSi = V |(_| = or CS 2 = V ||_ or 

WE = V, L or OE - V| H / 

V 1/0 = 0 V to V C c 

-5 

5 

ma 

Input Low Voltage 

V, L 


-2.0* 1 

0.8 

V 

Input High Voltage 

V, H 


2.2 

6.0 

V 

Output High Voltage 

VoH 

l OH = -4mA 

2.4 


V 

Output Low Voltage 

Vql 

1 ol = 8mA 


0.4 

V 


Note: *1 -2.0V Min. for pulse width less than 20ns. (V| L min. = -0.5V at DC level) 
All voltages are referenced to GND. 


Fig. 2 - AC TEST CONDITIONS 


• Input Pulse Levels: 0.6V to 2.4V 

• Input Pulse Rise & Fall Times: 3ns (Transient between 0.8V and 2.2V) 

• Timing Reference Levels: Input: V (L = 0.8V, V|h = 2.2V 

Output: V OL = 0.8V, V OH = 2.2V 


Output Load: 



*1 Including Scope and Jig Capacitance 



R 1 

r 2 

C L 

Parameters Measured 

Load 1 

48012 

25512 

30pF 

except t LZ , t HZ , t wz , t Q w* x OLZ and t OHZ 

Load 1 1 

48012 

25512 

5pF 

*LZ' ^Z' l WZ' tOW/ *OLZ and t OHZ 


1-133 





FUJITSU 


MB8289-25 

MB8289-35 


AC CHARACTERISTICS 

READ CYCLE * 1 (Recommended operating conditions unless otherwise noted) 


Parameter 

Snymbol 

MB8289-25 

MB8289-35 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

t RC 

25 


35 


ns 

Address Access Time* 2 

*AA 


25 



ns 

CS-i Access Time* 3 

^ ACS 1 


25 


35 

ns 

CS 2 Access Time* 3 

^ACS 2 


14 


D 


OE Access Time 

t OE 


12 


D 

ns 

Output Hold from Address Change 

toH 






Output Active from CSi * 4 * 5 

■ 

5 


D 



Output Active from CS 2* 4 * 5 


2 


H 



Output Active from OE* 4 * 5 

toLZ 

2 


3 


mn 

Output Disable from CSt * 4 * 5 

tjHZI 

1 

15 

1 

15 


Output Disable from CS 2* 4 * 5 

f|HZ 2 

1 

15 

1 

15 

ns 

Output Disable from OE* 4 * 5 

tOHZ 

■ 

15 

1 

15 



Note: 


*1 WE is high for Read Cycle. 

*2 Device is continuously selected, CS-j = V, L/ CS 2 = V !H and OE = V, L . 

*3 Address valid prior to or coincident with CSi transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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MB8289-35 


FUJITSU 

llllllllll 


READ CYCLE TIMING DIAGRAM* 1 

READ CYCLE: ADDRESS CONTROLLED* 2 

f— t RC 





ADDRESS ^ 

VALID ^ 

c 









DATA OUT PREVIOUS DATA VALID 

t \ 

d out valid 

c i 

mm 


READ CYCLE: CS^CSs CONTROLLED* 3 



Note: *1 WE is high for Read Cycle. 

*2 Device is continuously selected, CSi = V )L , CS 2 = V )H and OE = V iL . 

*3 Address valid prior to or coincident with CSi transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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FUJITSU MB8289-25 
■■■■ MB8289-35 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 

WRITE CYCLE * 1 


Parameter 

Symbol 

MB8289-25 

MB8289-35 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time* 2 

t wc 

25 


35 


ns 

Address Valid to End of Write 

*AW 

18 


28 


ns 

CSi to End of Write 

tcwi 

16 


26 


ns 

CS 2 to End of Write 

tcw2 

13 


20 


ns 

Data Setup Time 

f DW 

8 


12 


ns 

Data Hold Time 

f DH 

0 


0 


ns 

Write Pulse Width 

t W p 

15 


20 


ns 

Write Recovery Time* 3 

fwR 

0 


0 


ns 

Address Setup Time 

t AS 

0 


0 


ns 

Output Low-Z from WE* 4 * 5 

tow 

0 


0 


ns 

Output High-Z from WE* 4 * 5 

*WZ 

0 

8 

0 

14 

ns 


Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write Cycles are determined from the last address transition to the first address transition of next address. 
*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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MB8289-25 FUJITSU 
MB8289-35 MUtUM 



} If CSgoes high simultaneously with WE high, the output remains in high impedance state. 

2 All Write Cycles are determined from the last address transition to the first address transition of next address. 
h 3 t WR is defined from the end point of Write Mode. 

'4 Transition is specified at the point of ±500mV from steady state voltage. 

5 This parameter is specified with Load II in Fig. 2. 





Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write Cycles are determined from the last address transition to the first address transition of next address. 
*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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Section 2 


High-Speed BiCMOS SRAMs — At a Glance 


Page 

Device 

Maximum 

Access 

Time (ns) Capacity 

Package 

Options 


2-3 

MB82B001-25 

25 

1048576 bits 

28-pin 

Plastic 

LCC 


-35 

35 

(1048576wx 1b) 




2-11 

MB82B005-25 

25 

1048576 bits 

28-pin 

Plastic 

LCC 


-35 

30 

(262144W x 4b) 




2-19 

MB82B006— 25 

25 

1048576 bits 

32-pin 

Plastic 

LCC 


-35 

35 

(262144w x 4b) 




2-27 

MB82B71 — 15 

15 

65536 bits 

22-pin Plastic 

DIP, LCC 


-20 

20 

(65536b x 1b) 

24-pin 

Plastic 

LCC 

2-37 

MB82B74-15 

15 

65536 bits 

22-pin 

Plastic 

DIP 


-20 

20 

(16384w x 4b) 

22-pad 

Ceramic 

LCC 

2-45 

MB82B75-15 

15 

65536 bits 

24-pin 

Plastic 

DIP, LCC 


-20 

20 

( 1 6384w x 4b) 

28-pad 

Ceramic 

LCC 

2-65 

MB82B79-15 

15 

73728 bits 

28-pin 

Plastic 

DIP, FPT 


-20 

20 

(8192wx9b) 




2-65 

MB82B81-15 

15 

262144 bits 

24-pin 

Plastic 

DIP, LCC 


-20 

20 

(262144wx 1b) 




2-73 

MB82B84-15 

15 

262144 bits 

24-pin 

Plastic 

DIP, LCC 


-20 

20 

(65536W x 4b) 





mm 
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DATA SHEET 


FUJITSU 


MB82B001-25/-35 

1M BIT HIGH SPEED BI-CMOS SRAM 


1,048,576 WORDS X 1 BIT HIGH SPEED BI-CMOS 
STATIC RANDOM ACCESS MEMORY 


i iio nijiiau iviuocuw i la i,u*to,a/unuiuaA i uuatauv icuiuuiii avA^;aa iiiumuij labiiCoiou mtn 

a Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply is required. The 
MB82B001 has 400mil plastic small out-line J-lead(SOJ) as package option. 

The MB82B001 is ideally suited for use in dataprocessing systems and other applications where 
fast access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 


• Organization: 1,048,576 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 25ns max. (MB82B001-25) 

35ns max. (MB82B001-35) 

• Single +5V(±1 0%) power supply with low current drain 

Active operation = 1 20mA max. 

Standby operation = 15mA max. (CMOS level) 
Standby operation = 25mA max. (TTL level) 

• Separate data input and output 

• TTL compatible inputs and output 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 400 mil width 28-pin SOJ package (Suffix: -PJ) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage on any pin with to GND 

V,N 

-0.5 to +7.0 

V 

Output Voltage on any pin with to GND 

V OUT 

-0.5 to +7.0 

V 

Power Dissipation 

P D 

1.0 


Output Current 

1 OUT 

±20 

mA | 

Temperature under Bias 

t bias 

-10 to +85 

mm 

Storage Temperature 

t stg 

-40 to +125 

es 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



PIN ASSIGNMENT 



A 

A 

NC 

A 


BIN 

cs 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high irrpedance circuit. 


Copyright© 1989 FUJITSU LIMITED 
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Fig. 1 - MB82B001 BLOCK DIAGRAM 



TRUTH TABLE 


cs 

WE 

Mode 

Output 

Power 

H 

X 

Not Selected 

High-Z 

Standby 

L 

L 

Write 

High-Z 

Active 

L 

H 

Read 

Dout 

Active 


Legend: H = High level 
L = Low level 
X = Don't Care 


CAPACITANCE <ta = 25 °c, i = i mhz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (Vin = 0 V) 

ClN 


6 

pF 

CS Capacitance (Vcs = 0 V) 

Ccs 


7 

PF 

Output Capacitance (Vout = 0 V) 

COUT 


7 

pF 


2 - 
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PIN DISCRETION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A9 

Address Input 

WE 

Write Enable 

Din 

Data Input 

Vcc 

Power Supply(+10%) 

Dout 

Data Output 

GND 

Ground 

CS 

Chip Select 

NC 

No Connect 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

VlN = 0V to Vcc 

Vcc = Max. 

■ 

-1 


1 


Output Leakage Current 

CS = Vih, 

Vout = 0V to Vcc 

Vcc = Max. 

■ 

-1 


1 

mi 

Active Supply Current 


Icci 


50 


mA 


ICC2 


80 


Standby Current 

Vcc= Min. to Max. 

CS > Vcc -0.2V 

Vin> Vcc -0.2V orViN< 0.2V 

ISB1 


2 

15 

mA 

Vcc = Min. to Max. 

CS = Vih 

ISB2 

Hi 

10 

25 

Output Low Voltage 

Iol = 16 mA 

VOL 



0.45 

V 

Output High Voltage 

Ioh = -4 mA 

VOH 

2.4 



V 

*i 

Peak Power on Current 

Vcc = 0V to Vcc Min. 

CS = Lower of Vcc or 

Vih Min. 

Ipo 





Input Low Voltage 


VlL 

-0.5 * 2 


0.8 

V 

Input High Voltage 


Vih 

2.2 


6.0 

V 


*1 A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 
*2 -3.0 V Min. for pulse width less than 20 ns. 
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MB82B001-35 


AC TEST CONDITIONS 


• Input Pulse Levels: 

• Input Pulse Rise and Fall Times: 

• Timing Reference Levels: 


0.6 V to 2.4 V 

3 ns (0.8V to 2.2 V) 

Input: Vil = 0.8, VlH = 2.2 V 

Output: Vol = 0.8, Voh = 2.2 V 


• Output Load: 


Fig. 2 

5V 



‘Including Scope and Jig capacitance 


n 

Ri 

R2 

1 CL 

Parameters Measured 

BI.'MB 



USA 

except tLZ, tHZ, tOW and tWZ 

BiAi.in 


Esai 

1 5 P F_| 



AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB82B001-25 

MB82B001-35 

Unit 

Min. 

Max. 

Min. 

Max. 


Read Cycle Time *2 

tRC 

25 


35 


ns 

Address Access Time *3 

tAA 


25 


35 

ns 

Chip Select Access Time *4 

tACS 


25 


35 

ns 

Output Hold from Address Change 

tOH 

5 


5 


ns 

Chip Selection to Output in Low-Z *5 *6 

tLZ 

5 


5 


ns 

Chip Deselection to Output in High-Z *5 *6 

tHZ 

2 

15 

2 

15 

ns 

Chip Selection to Power Up time 

tPU 

0 


0 


ns 

Chip Deselection to Power Down 

tPD 


20 


30 

ns 


*1 WE is high for Read cycle. 

*2 All Read cycles are determined f rom the last address transition to the first address transition of next cycle. 

*3 Device is continuously selected, CS=Vil 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is measured with specified Load I! in Fig. 2. 
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MB82B001-35 


AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB82B001-25 

MB82B001-35 

Unit 

Min. 

Max. 

Min. 

Max. 

WRITE CYCLE *1*2 

Write Cycle Time *3 

twc 

25 


35 


ns 

Chip Selection to End of Write 

tew 

16 


26 


ns 

Address Valid to End of Write 

tAW 

18 


28 


ns 

Address Setup Time 

tAS 

0 


0 


ns 

Write Pulse Width 


15 


20 


ns 

Data Valid to End of Write 

tDW 

10 


15 


ns 

Write Recovery Time 

tWR 

0 


0 


ns 

Data Hold Time 

tDH 

0 


0 


ns 

Write Enable to Output in High-Z *4 *5 

twz 

0 

10 

0 

15 

ns 

Output Active from End of Write *4 *5 

tow 

0 


0 


ns 


WRITE CYCLE: WE CONTROLLED *1 *2 


WRITE CYCLE TIMING DIAGRAM 


ADDRESS 


CS 


WE 


DATA IN 


DATA OUT 


13 

— t wc ? 

Valid 

i i 

) 



1 

* tew 

i 

(A 

tWR 

3ZZ 

p— — Us *■ 

1 t A W ■ 


3 

\\ 

* l WP 

* J 





■* l DW “ 

H 

tDH 

3 

f 

Valid y 

x. it 

< 


5E|H! 


SMI 


VVVVVVVVVV V \ 

AaAAAAAAaaaI/ 


High-Z 


E2 




Undefined 


*1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

*5 This parameter is measured with specified Load ii in Fia. 2. _ 


: Don’t Care 
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PACKAGE DIMENSIONS 

28-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-28P-M05 ) 
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DATA SHEET 


FUJITSU 


MB82B005-25/-35 

1M BIT HIGH SPEED BI-CMOS SRAM 


262,144 WORDS x 4 BITS HIGH SPEED BI-CMOS 
STATIC RANDOM ACCESS MEMORY 


TmG Fujitsu mw52B005 is 262 1 44 words “ 4 bits c to tic (aKnMtow mitfi o 

Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply is required. The 
MB82B005 has 400mil plastic small out-line J-lead(SOJ) as package option. 

The MB82B005 is ideally suited for use in dataprocessing systems and other applications where 
fast access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 


• Organization: 262,144 words x 4 bits 

• Static operation: No clocks or refresh required 

• Fast access time: 25ns max. (MB82B005-25) 

35ns max. (MB82B005-35) 

• Single +5V(±1 0%) power supply with low current drain 

Active operation = 1 20mA max. 

Standby operation = 15mA max. (CMOS level) 
Standby operation = 25mA max. (TTL level) 

• Common data input and output 

• TTL compatible inputs and outputs 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 400 mil width 28-pin SOJ package (Suffix: -PJ) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

—0.5 to +7.0 

V 

Input Voltage on any pin with to GND 

V, N 

-0.5 to +7.0 

V 

Output Voltage on any pin with to GND 

V OUT 

-0.5 to +7.0 

wm 

Power Dissipation 

P D 

1.0 


Output Current 

1 OUT 

±20 

mA 

Temperature under Bias 

t bias 

-10 to +85 

mm 

Storage Temperature 

t stg 

-40 to +125 

mm 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 




This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high inpedanoe circuit. 


Copyright© 1989 FUJITSU LIMITED 
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Fig. 1 - MB82B005 BLOCK DIAGRAM 


CELL 
ARRAY 
512 ROWS 
512COLUMNS 
x 4 


INPUT 

DATA 

CONTROL 


COLUMN I/O CIRCUITS 
COLUMN SELECT 


POWER 

DOWN 

CIRCUIT 


AAAAAAAAA 

9 10 11 12 13 14 15 16 17 


TRUT H TABLE 

CS 
H 


Mode 

I/O 

Power 

Not Selected 

High-Z 

Standby 

Output Desable 

High-Z 

Active 

Writte 

Din 

Active 

Read 

Dout 

Active 


Legend: H = High level 
L = Low level 
X = Don’t Care 


CAPACITANCE ( TA =25 °c.f= 


Parameter 

Symbol 

Input Capacitance (Vin = 0 V) 

ClN 

CS Capacitance (Vcs = 0 V) 

Ccs 

Output Capacitance (Vout = 0 V) 

COUT 
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PIN DISCRIPTION 


Symbol 

Pin name 

m hsjehmi 

Pin name 

AO to A17 

Address Input 

WE 

Write Enable 

1/01 to 1/04 

Data Input/Output 

Vcc 


OE 

Output Enable 

GND 

Ground 

CS 

Chip Select 

NC 

No Connect 


RECOMMENDED OPERATING CONDITIONS 


(Ref erenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

Ta 

0 


70 

°c 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

Vin = OV to Vcc 

Vcc = Max. 

ILI 

-1 


1 

HA 

Output Leakage Current 

CS = Vih, or OE^Vih 

Vout = OV to Vcc 

Vcc = Max. 

Ilo 

-1 


1 


Active Supply Current 

CS = Vil, Iout - OmA 
Vcc = Max.. Vin = Vil or Vih 

Icci 


50 

mm 

mA 

H 

ICC2 


80 


Standby Current 

Vcc= Min. to Max. 

CS > Vcc -0.2 V 

Vin > Vcc - 0.2V or Vin < 0.2V 

ISB1 


2 

15 

mA 

Vcc = Min. to Max. 

CS = Vih 

ISB2 


10 

25 

Output Low Voltage 

Iol = 8mA 

VOL 



0.4 

V 

Output High Voltage 

Ioh = -4 mA 

VOH 

2.4 



V 

*i 

Peak Power on Current 

Vcc = 0V to Vcc Min. 

CS = Lower of Vcc or 

Vih Min. 

IPO 



50 

mA 

Input Low Voltage 


Vil 

-0.5 * 2 


0.8 

V 

Input High Voltage 


Vih 

2.2 


6.0 

V 


*1 A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 
*2 -3.0 V Min. for pulse width less than 20 ns. 
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AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB82B005-25 

MB82B005-35 

Unit 

Min. 

Max. 

Min. 

Max. 

ft£A&CVCLE M 

Read Cycle Time *2 

tRC 

25 


35 


ns 

Address Access Time *3 

tAA 


25 


35 

ns 

Chip Select Access Time *4 

tACS 


25 


35 

ns 

Output Enable Access Time 

tOE 


10 


15 

ns 

Output Hold from Address Change 

tOH 

5 


5 


ns 

Chip Selection to Output in Low-Z *5 *6 

tCLZ 

5 


5 


ns 

Chip Selection to Output in High-Z *5 *6 

tCHZ 

2 

15 

2 

15 

ns 

Output Enable to Output in Low-Z *5 *6 

tOLZ 

0 


0 


ns 

Output Enable to Output in High-Z *5 *6 

tOHZ 

0 

15 

0 

15 

ns 

Chip Selection to Power Up time 

tPU 

0 


0 


ns 

Chip Deselection to Power Down 

tPD 


20 


30 

ns 


*1 WE is high for Read cycle. 

*2 All Read cycles are determined f rom the Jast address transition to the first address transition of next cycle. 
*3 Device is continuously selected, CS=Vil OE=Vil. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is measured with specified Load II in Fig. 2. 


Input Pulse Levels: 

Input Pulse Rise and Fall Times: 
Timing Reference Levels: 


AC TEST CONDITIONS 

0.6 V to 2.4 V 
3 ns (0.8V to 2.2V) 


Output Load: 


Fig. 2 

5V 



R1 


R2 


Input: Vil = 0.8, Vih = 2.2 V 

Output: Vol = 0.8, Voh = 2.2 V 



R1 

R2 

CL 

Parameters Measured 

Load 1 

480ft 

255ft 

30pF 

except tCLZ, tCHZ, tOLZ, tOHZ, tOW and tWZ 

Load II 

480ft 

255ft 

5pF 

tCLZ, tCHZ, tOLZ, tOHZ, tOW and tWZ 


‘Including Scope and Jig capacitance 
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READ CYCLE TIMING DIAGRAM 

READ CYCLE: ADDRESS CONTROLLED *1 *3 


ADDRESS 


i 

X 

r 

* t RC *■ 

Valid ^ 

t ' 

t ‘ .. - 

1 

‘UM ^"j 

*AA * 

1 



a 

Previous Data 

Valid 

a 

m 

L 

Data Valid 

C 


READ CYCLE: CS CONTROLLED *1 *4 


ADDRESS 


CS 



' l RC ' 


Valid 




OE 


DATA OUT 


Icc 

ISB 



*1 WE is high for Read cycle. 

*2 All Read cycles are determined f rom the last address transition to the first address transition of next cycle. 
*3 Device is continuously selected, CS=Vil.OE=Vil. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is measured with specified, Load J 1 ia f ig. 2, 
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AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB82B005-25 

MB82 BOO 5-35 

Unit 

Min. 

Max. 

Min. 

Max. 

WRITE CYCLE * 1*2 1 

Write Cycle Time *3 

twc 

25 


35 


ns 

Chip Selection to End of Write 

tew 

16 


26 


ns 

Address Valid to End of Write 

tAW 

18 


28 


ns 

Address Setup Time 

tAS 

0 


0 


ns 

Write Pulse Width 

tWP 

15 


20 


ns 

Data Valid to End of Write 

tow 

8 


12 


ns 

Write Recovery Time 

tWR 

0 


0 


ns 

Data Hold Time 

tDH 

0 


0 


ns 

Write Enable to Output in High-Z *4 *5 

twz 

0 

8 

0 

14 

ns 

Output Active from End of Write *4 *5 

tow 

0 


0 


ns 


WRITE CYCLE: WE CONTROLLED *1 *2 


WRITE CYCLE TIMING DIAGRAM 


ADDRESS 


CS 


WE 


DATA IN 


DATA OUT 



t wc 

Valid 

■ i 

If 



1 

” t cw * 

s 

m 



* t AS 

t AW - » 




*8» t W p 

< 




m tow ** 

H 

tDH 

> 

i 

f Valid ] 



S r 

* 

*4 

1 — tow 



XXXXXXXXXX ) 


High-Z 


, E3 : Undefined E 
1 CS or WE must be high dunng addr ess t ransitions. 1 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

*5 This parameter is measured with^ecified Load M in Fig, 2. _ 




: Don’t Care 
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MB82B005-25 

MB82B005-35 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED *1 *2 


ADDRESS 


CS 


WE 


DATA IN 


DATA OUT 



*1 CS or WE must be high during addr ess t ransitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

*5 This parameter is measured with specified Load II in Fig. 2. 
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MB82B005-25 

MB82B005-35 


PACKAGE DIMENSIONS 

28-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-28P-M05 ) 
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November 1989 
Edition 1.1 


DATA SHEET 


FUJITSU 


MB82B006-25/-35 

1M BIT HIGH SPEED B I -CMOS SRAM 


262,144 WORDS x 4 BITS HIGH SPEED BI-CMOS 
STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB82B006 is 262, 1 44 words x 4 diis siaric random access memui y u*ui ioaioJ with « 
Bi-CMOS process technology. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells consist of NMOS 
transistors and resistors. 

The memory utilizes asynchronous circuitry and may be maintained in any state for an indefinite 
period of time. All pins are TTL compatible, and a single 5 volts power supply is required. The 
MB82B006 has 400mil plastic small out-fine J-fead(SOJ) as package option. 

The MB82B006 is ideally suited for use in dataprocessing systems and other applications where 
fast access time and ease of use are required. All devices offer the advantages of low power 
dissipation, low cost and high peformance. 

• Organization: 262,144 words x 4 bits 

• Static operation: No clocks or refresh required 

• Fast access time: 

25ns max.(MB82B006-25) 

35ns max.(MB82B006-35) 

• Single +5V(±10%) power supply with low current drain 

Active operation = 1 20mA max. 

Standby operation = 15mA max. (CMOS level) 

Standby operation = 25mA max. (TTL level) 

• Separate data input and output 

• TTL compatible inputs and outputs 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and output have protection against static charge 

• 400 mil width 32-pin SOJ package (Suffix: -PJ) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage on any pin with to GND 

V,N 

-0.5 to +7.0 

V 

Output Voltage on any pin with to GND 

V OUT 

-0.5 to +7.0 

V 

Power Dissipation 

P D 

1.0 


Output Current 

1 OUT 

±20 

mA 

Temperature under Bias 

t bias 

-10 to +85 

mm 

Storage Temperature 

t stg 

-40 to +125 

wm 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



T.B.D. 


PLASTIC PACKAGE 
LCC-32P-MXX 



PIN ASSIGNMENT 



(TOP VIEW) 


NC 

c= 

1 

32 

Z1 Vcc 

A 

z 

2 

31 

□ A 

A 

□ 

3 

30 

□ A 

A 

□ 

4 

29 

□ a 

A 

z 

5 

28 

□ a 

A 

z; 

6 

27 

□ a 

A 

z 

7 

26 

□ a 

A 

z 

8 

25 

□ A 

A 

z 

9 

24 

Z NC 

A 

Z 

10 

23 

Z 11 

A 

z 

11 

22 

Z 12 

A 

Z 

12 

21 

Z oi 

14 

IZ 

13 

20 

Z 02 

I3_ 

Z 

14 

19 

Z 03 

CS 

IZ 

15 

18 

Z 04 

GNDZ 

16 

17 

Z WE 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 FUJITSU LIMITED 
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MB82B006-25 

MB82B006-35 


A i — 

a 2 


■tx 


3 — tx 


tx 


5 |X 


5 

a 7 — IX 


{X 


-tx 


II - 
12 “ 
13* 
14“ 



POWER 

DOWN 

CIRCUIT 


TRUTH TABLE 


Fig. 1 - MB82B006 BLOCK DIAGRAM 


ROW 

SELECT 


-tx 

-tx 

-tx 

-tx 


INPUT 

DATA 

CONTROL 


U 


CELL 
ARRAY 
512 ROWS 
512COLUMNS 
x 4 


COLUMN I/O CIRCUITS 


COLUMN SELECT 



’ Vcc 
' GND 



01 

02 

03 

04 


cs 

WE 

Mode 

Output 

Power 

H 

X 

Not Selected 

High-Z 

Standby 

L 

H 

Read 

Dout 

Active 

L 

L 

Write 

High-Z 

Active 


Legend: H = High level 
L = Low level 
X = Don’t Care 


CAPACITANCE ( ta = 25°C, f = 1 MHZ) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (Vin = 0 V) 

ClN 


6 

pF 

CS Capacitance (Vcs = 0 V) 

Ccs 


7 

PF 

Output Capacitance (Vout = 0 V) 

COUT 


7 

pF 
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MB82B006-25 

MB82B006-35 


PIN DISCRIPTION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A17 

Address Input 

WE 

Write Enable 

11 to 14 

Data Input 

Vcc 

Power Supply^ 10%) 

Ol to 04 

Data Output 

GND 

Ground 

CS 

Chip Select 

NC 

No Connect 


RECOMMENDED OPERATING CONDITIONS 


Referenced to GND) 


Parameter 

— 

Symbol 

— 

Min 

— 

Typ 

— 

Max 

— 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

Ta 

0 


70 

o 

0 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

Vin = OV to Vcc 

Vcc = Max. 

lLI 

-1 


1 


Output Leakage Current 

CS = Vih 

Vout = OV to Vcc 

Vcc = Max. 

ILO 

-1 


1 

fjA 

Active Supply Current 

"CS = Vil, Iout- OmA 
Vcc = Max.. Vin = Vil or Vih 

Icci 



80 

mA 


ICC2 


80 

120 

Standby Current 

Vcc = Min. to Max. 

CS > Vcc -0.2V 

Vin > Vcc -0.2V or Vin < 0.2V 

ISB1 


2 

15 

mA 

Vcc = Min. to Max. 

CS = Vih 

ISB2 



25 

Output Low Voltage 

Iol = 8 mA 

VOL 



0.4 

V 

Output High Voltage 

Ioh = -4 mA 

VOH 

2.4 



V 

Peak Power on Current 

Vcc = 0V to Vcc Min. 

CS = Lower of Vcc or 

Vih Min. 

Ipo 



50 

mA 

Input Low Voltage 


Vil 



0.8 

V 

Input High Voltage 


Vih 

2.2 


6.0 

V 


*1 A pull-up resistor to Vcc on the CS input is required to keep the device deselected; otherwise, power-on current approaches Icc active. 
*2 -3.0 V Min. for pulse width less than 20 ns. 
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MB82B006-25 

MB82B006-35 


AC TEST CONDITIONS 

0.6 V to 2.4 V 

3 ns (0.8V to 2.2V) 

Input: Vil = 0.8, Vih = 2.2 V 

Output: Vol = 0.8, Voh = 2.2 V 

5V 


R1 


R2 


‘Including Scope and Jig capacitance 

AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB82B006-25 

MB82B006-35 

Unit 





Min. 

Max. 

' 

Read Cycle Time *2 

tRC 

25 


35 


ns 

Address Access Time *3 

tAA 


25 


35 

ns 

Chip Select Access Time *4 

tACS 


25 


35 

ns 

Output Hold from Address Change 

tOH 

5 


5 


ns 

Chip Selection to Output in Low-Z *5 *6 

tLZ 

5 


5 


ns 

Chip Selection to Output in High-Z *5 *6 

tHZ 

2 

15 

2 

15 

ns 

Chip Selection to Power Up time 

tPU 

0 


0 


ns 

Chip Deselection to Power Down 

tPD 


20 


30 

ns 



R1 

R2 

CL 

Parameters Measured 





except tLZ, tHZ, tOW and tWZ 


E333I 


5pF. 



DoutO- 


T7T 


• Input Pulse Levels: 

• Input Pulse Rise and Fall Times: 

• Timing Reference Levels: 

• Output Load: Fig. 2 


*1 WE is high for Read cycle. 

*2 All Read cycles are determined f rom the last address transition to the first address transition of next cycle. 

*3 Device is continuously selected, CS=Vil. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is measured with specified Load II in Fig. 2. 
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MB82B006-25 
M B8 2 B 006-35 


READ CYCLE TIMING DIAGRAM 


READ CYCLE: ADDRESS CONTROLLED *1 *3 




READ CYCLE: CS CONTROLLED *1 *4 





*1 WE is high for Read cycle. 

*2 All Read cycles are determined from the last address transition to the first address transition of next cycle. 

*3 Device is continuously selected, CS=Vil. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is measured with specified Load II in Fig. 2. 





MB82B006-25 

MB82B006-35 


AC CHARACTERISTICS (Continued) 

(Recommended operating conditions unless otherwise noted.) 





Write Cycle Time *3 

twc 

Chip Selection to End of Write 

tew 

Address Valid to End of Write 

tAW 

Address Setup Time 

tAS 

Write Pulse Width 

tWP 

Data Valid to End of Write 

tow 

Write Recovery Time 

tWR 

Data Hold Time 

tDH 

Write Enable to Output in High-Z *4 *5 

twz 

Output Active from End of Write *4 *5 

tow 



WRITE CYCLE: WE CONTROLLED *1 *2 


ADDRESS 


WRITE CYCLE TIMING DIAGRAM 



nine 


*1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 
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MB82B006-25 

MB82B006-35 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE: CS CONTROLLED *1 *2 


ADDRESS 


CS 


• l wc ' 


Valid 


WE 


DATA IN 


DATA OUT 


X 


t AC 

t A w 

! 

i> 

l 

*WR 

X 

m t cw *■ 

\ v 


1 

«• t WP *■ 

5 A 

\\\\\N 

>777777 



|* *DW ** 


* *DH 

X 

* 

Valid 

X 


High-Z 


(MX) 


High-Z 


K3 


: Undefined : Don’t Care 


*1 C§jtf WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycles are determined from the last address transition to the first address transition of next cycle. 
*4 Transition is measured at the point of ±500mV from steady state voltage. 

*5 This parameter is measured with specified Load II in Fig. 2. 


Ail Rights Reserved. Circuit diagrams utilizing Fujitsu products are included as a means of 
illustrating typical semiconductor applications. Complete Information sufficient for 
construction purposes is not necessarily given. The information contained in this document 
has been carefully checked and is believed to be reliable. However, Fujitsu assumes no 
responsibility for inaccuracies. 


The Information contained in this document does not convey any license under the 
copyrights, patent rights or trademarks claimed and owned by Fujitsu. Fujitsu reserves the 
right to change products or specifications without notice. No part of thte publication may be 
copied or reproduced in any form or by any means, or transferred to any third party without 
prior written consent of Fujitsu. 
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TS280—A89Z 
December 1989 


DATA SHEET 


FUJITSU 


MB82B71-15/-20 

64K BIT HIGH SPEED BI-CMOS SRAM 


65,536-WORD x 1-BIT Bi-CMOS HIGH SPEED 
STATIC RANDOM ACCESS MEMORY 

ThePujitsu Mt582b/1 is abb.Wbworas Dy ^ oils static random access memui y fduiiocticJwiuia 
CMOS silicon gate process. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain amaller c h *p size, cells consist of NMOS 
transistors and resistors. 

MB82B71 has 300mil plastic DIP, leadless chip carrier (LCC) and 300mil plastic small out-line 
J-lead (SOJ) package as package option. The memory utilizes asynchronous circuitry and 
requires +5V power supply. All pins are TTL compatible. 

The MB82B71 is ideally suited for use in large computer and other applications where fast 
access time, large-capacity and ease of use are required. 

All devices offer the advantages of low power dissipation, low cost high performance. 

• Organization: 65,536 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 

tAA=tACS=15ns max.(MB82B71-15) 
tAA=tACS=20ns max.(MB82B71-20) 

• Single=5V(+1 0%) power supply with low current drain: 

Active operations 20mA max. 

Standby operations 5mA max.(CMOS level) 

Standby operation=30mA max.(TTL level) 

• Bi-CMOS peripheral 

• TTL compatible inputs/outputs 

• Three-state output 

• 300 mil width 22-pin plastic Skinny DIP package (Suffix: -P-SK) 

• 300 mil width 24-pin plastic SOJ package (Suffix: -PJ) 

• 22-pad Leadless Chip Carrier package (Suffix:-CV) 

• Pin compatible with MB8 1 C7 1 A 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage on any pin with to GND 

VlN 

-0.5 to +7.0 

V 

Output Voltage on any pin with to GND 

Vi/o 

-0.5 to +7.0 

V 

Power Dissipation 

Pd 

1.0 

W 

Output Current 

Iout 

±20 

mA 

Temperature under Bias 

Tbias 

-10 to +85 

fc 

Storage Temperature 

Plastic 

Tstg 

-40 to +125 

°c 

Ceramic 

-65 to +150 



PLASTIC PACKAGE 
LCC-24P-M02 


PIN ASSIGNMENT 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitiy to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that norma) precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 FUJITSU LIMITED 




MB82B71-15 

MB82B71-20 


Fig. 1 - MB82B71 BLOCK DIAGRAM 


2 


T.B.D 


CAPACITANCE (Ta=25°C, f=lMHz) 
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MB82B71-15 

MB82B71-20 

PIN DISCRIPTION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A15 

Address input. 

WE 

Write Enable. 

DIN 

Data input. 

VCC 

Power Supply ( +5 V±10%) . 

DOUT 

Data output . 

GND 

Ground. 

OS 

rib T 5\o 1 prf- 




TRUTH TABLE 


CS 

WE 

Mode 

Output 

Power Supply Current 

H 

X 

NottSelected 

High-Z 

Standby 

L 

L 

Write 

High-Z 

Active 

L 

H 

Read 

DOUT 

Active 


Legend: H=High level, L=Low level, X=Don't care 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

VCC 

4.5 

5.0 

5.5 

D 

Ambient Temperature 

TA 

0 


70 

°c 
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MB82B71-15 


DC CHARACTERISTICS MB82B71-20 

(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VIN=GND to VCC 

VCC=max. 

ILI 



pA 

Output Leakage Current 

V0UT=GND to VCC 

CS=VIH or WE=VIL 

ILI/0 

-5 

5 

pA 

Operating Supply Current 

CS=VIL, D0UT=0pen 
Cycle=min. 

ICC 

■ 

| 

mA 

Standby Supply Current 

VCC=min. to max. 
CS=VCC-0.2V, VIN<0.2V 
or VIN>VCC-0.2V 

ISB1 

■ 

B 

mA 

Standby Supply Current 

CS=VIH 

VCC=min. to max. 

ISB2 

■ 

30 

mA 

Input High Voltage 


VIH 


6.0 

V 

Input Low Voltage 


VIL 

*1 

-0.5 

0.8 

B 

Output High Voltage 

I0H=-4mA 

VOH 

B 

B 

V 

Output Low Voltage 

I0L=8mA 

VOL 


0.4 

B 

Peak Power-on Current *2 

VCC=GND to 4.5V 

CS=Lower of VCC or 

VIH min. 

IPO 

■ 

50 

mA 


Note: *1 -2.0V min, for pulse width less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 


Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 

• Input Pulse Rise & Fall Time 

• Timing Reference Levels: 

• 

• Output Load 

5V 



* Including Scope and jig capacitance 



CL 

Parameters measured 

Load I 

30pF 

except tLZ, tHZ, tOW and tWZ 

Load II 

5pF 

tLZ, tHZ, tOW and tWZ 


0.6V to 2.4V 

: Ins (Transient between 0.8V and 2.2V) 
Input: VIL=0.8V, VIH=2.2V 
Output: VOL=0.8V, V0H=2.2V 

















































MB82B71-15 

MB82B71-20 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


READ CYCLE 


Parameter 

Symbol 

Read Cycle Time 

tRC 

Address Access Time 

tAA 

/CS Access Time 

tACS 

Output Hold from Address Change 

tOH 

Output Low-Z from /CS 

tLZ 

Output IIjLglV-Z fx-Oui /Co 

LrIZ 

Power Up from /CS 

tPU 

Power Down from /CS 

tPD 



READ CYCLE TIMING DIAGRAM *1 


READ CYCLE *3 



READ CYCLE : CS CONTROLLED *4 




SUPPLY 

CURRENT 


7 

Icc 



j)0^| Undefined 

Don’t Care 


*1 WE is high for Read cycle. __ 

*2 Device is continously selected, CS=VIL. 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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MB82B71-20 



WRITE CYCLE ___ 

Parameter 

Write Cycle Time 

Address Valid to End of Write 

/CS to End of Write 

Data Setup Time 


Data Hold Time 


Write Pulse Width 


Write Recovery Time 


Address Setup Time 


Output Low-Z from /WE 


| Output High-Z from /WE 


Symbol 

two 


MB82B71-15 
Min I Max 


15 


MB82B71-20 


Max 



WRITE CYCLE TIMING DIAGRAM 
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MB82B71-20 
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MB82B71-20 


PACKAGE DIMENSIONS 

( Suffix :-P-SK) 


22-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.iDIP— 22P— M04) 

1 070 -:o?2‘ 27 - 18 -a3& 


ld_£l_ri. £ i r"i £i £1 £1 r~i 


O 


TT-VX? IJ-TJ-tp W 

I .034^20 


c + 0.50. 
6 — 0 > 


Xjrrm u 

.050t 0 020 


.260±.010 

(6.60±0.25) 


(1.27 + °- 50 ) 




.172(4.36) MAX 
.118(3.00) MIN 
.020(0.51) MIN 


(0.46 ±0.08) 


©1988 FUJITSU LIMITED D22008S-4C 


Dimensions in 
inches (millimeters) 
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October 1989 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB82B74-15/-20 

64K-BIT HIGH SPEED BI-CMOS SRAM 


16,384 WORDS x 4 BITS Bi-CMOS HIGH SPEED STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 

nAIIUCD HAUfM 

■ w ■— ' w m w M-m 

The Fujitsu MB82B74 is a 16,384-words by 4-bits static random access memory fabricated 
with a CMOS silicon gate process. To make power dissipation lower and high speed, 
peripheral circuits consist of Bi-CMOS technology, and to obtain smaller chip size, cells 
consist of NMOS transistors and resistors. 

MB82B74 has 300mil plastic DIP and leadless chip carrier (LCC) as package option. The 
memory utilizes asynchronous circuitiy and requires +5V power supply. All pins are in- 
compatible. 

The MB82B74 is ideally suited for use in large computer and other applications where fast 
access time, large capacity and ease of use are required. All devices offer the advantages of 
low power dissipation, low cost high performance. 

• 1 6,384 words x 4 bits organization 

• Fast access time: 

^=^08=1 5ns max. (MB82B74-15) 
t AA =t AC s=20ns max. (MB82B74-20) 

• Bi-CMOS peripheral 

• TTL compatible inputs/outputs 

• Completely static operation : No clock required 

• Three-state output 

• Common data input/output 

• Single=5V(±10%) power supply with low current drain 

Active operation^ 20mA max. 

Standby operation = 15mA max. (CMOS level) 

Standby operation=25mA max. (TTL level) 

• Standard 22-pin plastic DIP package: Suffix -P 

• Standard 22-pad Leadless Chip Carrier: Suffix -CV 

• Pin compatible with MB81C74 


ABSOLUTE MAXIMUM RATINGS (see Note) 


Rating 


Values 


Supply Voltage 

Vcc 

-0.5 to +7.0 

HBH 

Input Voltage 

V,N 

-3.5 to +7.0 


Output Voltage 

V,/o 

-0.5 to +7.0 

m 

Output Current 

loUT 

±20 

mi 

Power Dissipation 

Pd 

1.0 

HE3HI 

Temperature Under Bias 

Tbias 

-10 to +85 

mi 

Storage 

Temperature Range 

Ceramic 

Tstg 

-65 to +150 

Bi 

Plastic 

-45 to +125 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



Copyright© 1909 by FUJITSU LIMITED 
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MB82B74-15 

MB82B74-20 


Fig. 1 - MB82B74 BLOCK DIAGRAM 


T.B.D. 


CAPACITANCE (Ta=25°c, i=imhz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

I/O Capacitance (V^=OV) 

C|/o 



7 

pF 

Input Capacitance (V, N =0V) 

C, N 



7 

pF 


PIN DESCR 

IPTION 

Symbol 

Pin name 

Symbol 

Pin name 

Ao to Ai 3 

Address input 

WE 

Write Enable 

I/O, to l/0 4 

Data input/output 

Vcc 

Power Supply (+5V±10%) 

CS 

Chip Select 1 

GND 

Ground 


TRUTH TABLE 


CS 

WE 

Mode 

I/O pin 

Power Supply Curent 

H 

X 

Standby 

High-Z 

Standby 

L 

L 

Write 

Din 

Active 

L 

H 

Read 

Dout 

Active 


Legend: H=High level 
L=Low level 
X= Don’t care 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

8 

> 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

T* 

0 


70 

°C 
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MB82B74-15 

MB82B74-20 


DC CHARACTERISTICS 


(Recommended operating conditions otherwise noted) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

Vin=GND to Vcc 

Vcc = Max. 

lu 

-5 

5 

pA 

Output Leakage Current 

V^GND to Vcc 

CS=V, H or WE=Vil 

lux> 

-5 

5 

pA 

Operating Supply Current 


Ice 


120 

mA 

Standby Supply Current 

Vcc=Min. to Max. 

CS=Vcc-0.2V, V IM <a.2V 
or VineiVcc— ■ 0.2V 

IsBI 


15 

mA 

Standby Supply Current 

CS=V,H, V,N=V,H or V, L 

Vcc=Min. to Max. 



30 

mA 

Input High Voltage 


mi 

2.2 

6.0 

D 

Input Low Voltage 


D 

-0.5 

0.8 

a 

Output High Voltage 

| 0 H=-4mA 

VoH 

D 


V 

Output Low Voltage 

loc=8mA 

VoL 



V 

Peak Power-on Current * 2 

Vcc=GND to 4.5V 

CS= Lower of Vcc or 

Vih Min. 

Ipo 


50 

mA 


Note: *1 -2.0V Min, for pulse width less than 20ns. 

*2 The CS input should be connected to Vcc to keep the device deselected. 



• Input Pulse Levels: 

• Input Pulse Rise & Fall Time: 

• Timing Reference Levels: 

• Output Load 


Fig. 2 — AC TEST CONDITIONS 

0.6V to 2.4V 

Ins (Transient between 0.8 V and 2.2V) 

Input: Vil=0.8V, V ih = 2.2V 
Output: V<x.=0.8 V, V oh =2. 2 V 


5 V 




CL 

Parameters measured 

Load 1 

30pF 

except tuz, t H z, tow and W 

Load II 

5pF 

t(z> tnz, tow and twz 
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MB82B74-15 

MB82B74-20 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
READ CYCLE 


Parameter 

Symbol 

MB82B74-15 

MB82B74-20 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

toe 

15 


20 


ns 

Address Access Time * 2 

La 


15 


20 

ns 

CS Access Time * 3 

Lcs 


15 


20 

ns 

Output Hold from Address Change 

ton 

3 


3 


ns 

Output Low-Z from CS ** * 5 

tcLZ 

3 


3 


ns 

Output High-Z from CS: * 5 

tcHZ 


8 


10 

ns 

Power Up from C^> 

tpu 

0 


0 


ns 

Power Down from CS 

tpD 


15 


15 

ns 


READ CYCLE TIMING DIAGRAM A1 


READ CYCLE I *2 



READ CYCLE: CS CONTROLLED *3 



Undefined:^ Don’t Care: [jj 


Note: 


*1 WE is high for Read cycle. 

*2 Device is continously selected, CS=Vk_. 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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MB82B74-15 

MB82B74-20 


WRITE CYCLE * 1 


Parameter 

Symbol 

MB82B74-15 

MB82B74-20 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time * 2 

twe 

15 


20 


ns 

Address Valid to End of Write 

tAW 

12 


17 


ns 

CS" to End of Write 

few 

12 


17 


ns 

Data Setup Time 

tow 

4 


9 


ns 

Data Hold Time 

toH 

0 


2 


ns 

Write Pulse Width 

twp 

11 


16 


ns 

\Writa Dary»/arvi Timo 

two 

1 


c 


m3 

Address Setup Time 

tAS 

0 


0 


ns 

Output Low-Z from WE * 3 * 4 

twLZ 

0 


0 


ns 

Output High-Z from WE * 3 * 4 

twHZ 


6 


8 

ns 


WRITE CYCLE TIMING DIAGRAM 


WRITE CYCLE I: WE CONTROLLED *2 


ADDRESS ; 


CS 


WE 


Din 


Dqut 




Ls • 


HIGH-Z 


tew 


tew 


■ tAW ■ 


twP 


tow 


“twR “ 


-toH- 


DATA VALID 


twHZ 




Undefined: 




twLZ ■ 


HIGH-Z 


HIGH-Z 


♦VhOVhhhOV ♦ 

WmViVmVmVi 


Don't Care 


□ 


Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write cycle are determined from last address transition to the first address transition of the next address. 
*3 Transition is measured at the point of ±500mV from steady state voltage. 

*4 This parameter is specified with Load II in. Fig2. 
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MB82B74-15 

MB82B74-20 


WRITE CYCLE II: CS CONTROLLED *2 



Note: *1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write cycle are determined from last address transition to the first address transition of the next address. 




MB82B74-15 

MB82B74-20 


PACKAGE DIMENSIONS 
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MB82B74-15 

MB82B74-20 


22-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-22C-A01) 



•Share of PIN NO. 1 INDEX: Subject to changed without notice. 
© 1988 FUJITSU LIMITED C22002S-2C 


Dimensions in 
inches (millimeters) 
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iiniiiiiiiiiiiiiiiiiiiiiiiii 

FUJITSU 


iiiiiiiiiiiiiiiiiiiiiiiii 



TS270-A893 


64K~BIT(16,384 x 4) Bi-CMOS HIGH SPEED STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB82B75 is a 16,384-words by 4-bits static 
random access memory fabricated with a CMOS silicon 
gate process. To make power dissipation lower and high 
speed, peripheral circuits consist of Bi-CMOS techno- 
logy, and to obtain smaller chip size, cells consist 
of NMOS transistors and resistors. 

MB82B75 has 300rail plastic DIP and plastic small out- 
line J-lead(SOJ) as package option. The memory utilizes| 
asynchronous circuitly and requires +5V power supply. 
All pins are TTL compatible. 

The MB82B75 is ideally suited for use in large computer] 
and other applications where fast access time, large 
capacity and ease of use are required. 

All devices offer the advantages of low power dissipa- 
tion, low cost high performance. 


March 1989 



PLASTIC PACKAGE 
DIP— 24P-M03 



• 16,384 words x 4 bits organization 


PLASTIC PACKAGE 
LCC-24P-M02 


• Fast access time: 


tAA=tACS=15ns max. / tOE=10ns max. (MB82B75-15) 


tAA=tACS=20ns max. / tOE=12ns max. (MB82B75-20) 

• Bi-CMOS peripheral 

• TTL compatible inputs /outputs 

• Completely static operation: No clock required 

• Three-state output 

• Common data input /output 

PIN ASSIGNMENT 

(TOP VIEW) 

• oxngxe— _> v puwex 

Active operation 
Standby operation 
Standby operation 

• Standard 24-pin plastic 

• Standard 28-pad Leadles 

• Standard 24-pin plastic 

• Pin compatible with MB8 

ABSOLUTE MAXIMUM RAT IN 

uppxy wxlxi xuw cuxxenu uiain 

= 120mA max. 

= 15 mA max. (CMOS level) 

= 25 mA max. (TTL level) 

DIP package : Suffix -P-SK 
s Chip Carrier : Suffix -CV 

SOJ package : Suffix -PJ 

1C75 

GS (See Note) 

A8 C 
A7 C 
A6 C 
A5 C 
A4 C 
A3 C 
A2 IZ 
A1 C 
A0 IT 
CS C 
OE C 
GND C 

1 24 

2 23 

3 22 

4 21 

5 20 

6 19 

7 18 

8 17 

9 16 

10 15 

11 14 

12 13 

□ VCC 

□ A9 

□ A13 

□ A10 

□ All 

□ A12 

□ nc 

□ 1/04 

□ 1/03 

□ 1/02 
□ 1/01 
□ WE 

Rating 

Symbol 

Values 

Unit 

Supply Voltage 

VCC 

-0.5 to +7.0 

V 

Input Voltage 

VIN 

-3.5 to +7.0 

V 


Output Voltage 

VI/0 

-0.5 to +7.0 

V 

LCC: See page 9 

Output Current 

I OUT 

±20 

mA 

Power Dissipation 

PD 

1.0 

W 

Temperature Under Bias 

TBIAS 

-10 to +85 

°c 

Storage 

Temperature Range 

Ceramic 

TSTG 

-65 to +150 

°c 

Plastic 

-45 to +125 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to’high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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CAPACITANCE (Ta=25°C, f=lMHz) 


Parameter 



ess 

Eg 

Unit 

I/O Capacitance (VI/O=0V) 

CI/O 



. 8 

PF 

Input Capacitance (V/CS=0V) 

c/cs 



mm 

PF 

Input Capacitance (VIN=0V) 

CIN 



5 

PF 
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MB82B75-15 

MB82B75-20 

PIN DISCRIPTION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A13 

Address input. 

WE 

Write Enable. 

1/01 to 1/04 

Data input /output . 

vcc 

Power Supply(+5V±10%) . 

CS 

Chip Select 1. 

GND 

Ground . 

NC 

No Connect 




TRUTH TABLE 


CS 

WE 

0E 

Mode 

I/O pin 

Power Supply Current 

H 

X 

X 

Not Selected 

High-Z 

Standby 

L 

H 

H 

Output Disable 

High-Z 

Active 

L 

H 

L 

Read 

DOUT 

Active 

L 

L 

X 

Write 

DIN 

Active 


Legend: H=High level, L=Low level, X=Don't care 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) . 


Parameter 


Min 

Typ 

Max 

Unit 

Supply Voltage 

mm 

■a 

5.0 

5.5 

■ 

Ambient Temperature 

TA 

0 


70 

°C 
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MB82B75-15 


DC CHARACTERISTICS MB82B75-20 

(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VIN=GND to VCC 

VCC=max. 

ILI 

-5 


pA 

Output Leakage Current 

VI/0=GND to VCC 

CS=VIH or Vffi=VIL 

ILI/0 

-5 

5 

pA 

Operating Supply Current 

CS=VIL, l/0=0pen 
Cycle=min. 

ICC 

■ 

120 

mA 

Standby Supply Current 

VCC=min. to max. 
CS=VCC-0 . 2V, VIN<0.2V 
or VIN>VCC-0.2V 

ISB1 

■ 

15 

mA 

Standby Supply Current 

CS=VIH 

VCC=min. to max. 

ISB2 

■ 

25 

mA 

Input High Voltage 


VIH 


6.0 

B 

Input Low Voltage 


VIL 

*1 

-0.5 

0.8 

B 

Output High Voltage 

I0H=-4mA 

VOH 

n 

■ 

B 

Output Low Voltage 

I0L=8mA 

VOL 

■ 

0.4 

B 

Peak Power-on Current *2 

VCC=GND to 4.5V 

CS=Lower of VCC or 

VIH min. 

IPO 

■ 

50 

mA 


Note: *1 -2.0V min, for pulse width less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 


Fig. 2 - AC TEST CONDITIONS 

• Input Pulse Levels: 

• Input Pulse Rise & Fall Time 

• Timing Reference Levels: 

• 

• Output Load 

5V 



* Including Scope and jig capacitance 



CL 

Parameters measured 

Load I 

30pF 

except tCLZ, tCHZ, tWLZ, tWHZ, tOLZ and tOHZ 

Load II 

S P F 

tCLZ, tCHZ , tWLZ, tWHZ, tOLZ and tOHZ 


0.6V to 2.4V 

: 3ns (Transient between 0.8V and 2.2V) 
Input : VIL=0 . 8V , VIH=2 . 2V 
Output: V0L=0.8V, V0H=2.2V 





















































MB82B75-15 

MB82B75-20 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


READ CYCLE 



Parameter 

Read Cycle Time 

Address Access Time 

/CS Access Time 

/OE Access Time 

Output Hold from Address Change 

Output Hold from /CS 

Output Low-Z from /CS 

Output Low-Z from /OE 

Output High-Z from /CS 

Output High-Z from /OE 

Power Up from /CS 

Power Down from /CS 





Note: *1 WE is high for Read cycle. __ _ 

*2 Device is continously selected, CS=VIL, OE=VIL . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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MB82B75-15 

MB82B75-20 


WRITE CYCLE 


Parameter 

Symbol 

MB82B75-15 

MB82B75-20 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time 

twc 

15 


20 


ns 

Address Valid to End of Write 

tAW 

10 


15 


ns 

/CS to End of Write 

tew 

10 


15 


ns 

Data Setup Time 

tDW 

7 


10 


ns 

Data Hold Time 

tDH 

3 


3 


ns 

Write Pulse Width 

WES3KM 

8 


10 


ns 

Write Recovery Time 

tWR 

2 


2 


ns 

Address Setup Time 

tAS 

0 


0 


ns 

Output Low-Z from /WE 

tWLZ 

0 


0 


ns 

Output High-Z from /WE 

tWHZ 


8 


10 

ns 


WRITE CYCLE TIMING DIAGRAM 



E2 Undefined □ Don't Care 


Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 All Write cycle are determined from last address transition to the first 
address transition of the next address. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 2. 
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MB82B75-15 

MB82B75-20 


WRITE CYCLE II: CS CONTROLLED * 1 * 2 



— t W C •- 


ADDRESS 

^ ADDRESS VALID ^ 



L , 

tWR 


| 


r* t As-*-H 

*CW m 

j\ ; 


CS 1 

i 




- — 

\ i 

we -.. >v 



\ 


t DH 


HIGH-Z 

^dw 


s HIGH-Z 

/ \ 
: DATA VALID 

\ / 

d in 



fcXl Undefined □ Don't Care 


Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 All Write cycle are determined from last address transition to the first 
address transition of the next address. 
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MB82B75-15 

MB82B75-20 


PACKAGE DIMENSIONS 



24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P-M02) 


.300(7.62) 

NOM 


.340±.005 
I (8.64±0. 13) 
,273±.020 I 
(6.93±0.51 ) 


pr 

J 

J L_i uuuUUUuUL 

.0501.005 

J 



r 


(1.2710.13) 

.091(2. 

31) 



.550(13. 97)REF 1 

NOM 

b— 



► nnKHK Ro+n in 



Details of "A" part / 


.102(2.60) 

NOM 


* : This dimension includes resin protrusion. (Each side: .006(0.1 5)MAX.) 
©1989 FUJITSU LIMITED C24062S-1C 


t .025(0.64) 
MIN 


.144(3.66) 

MAX 


-.032(0.81 )MAX 


(Q.43±0.10) Dimensions in 

inches (millimeters) 
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MB82B74-20 


PACKAGE DIMENSIONS 






High-speed BiCMOS SRAMs 


Static RAM Data Book 
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TS248-E89Y 
Nov. 1989 


DATA SHEET 


FUJITSU 


MB82B79-15-20 

72K BIT HIGH SPEED BI-CMOS SRAM 


8,192-WORD x 9-BIT Bi-CMOS HIGH SPEED 
STATIC RANDOM ACCESS MEMORY 

The Fujitsu Mbb2b/y is a b,iyz woras oy u oils sialic ranaom access memory fabricated with a 
CMOS silicon gate process. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain amaller chip size, cells consist of NMOS 
transistors and resistors. 

MB82B79 has 300mil plastic DIP and plastic flat (SOIC) as package option. The memory utilizes 
asynchronous circuitly and requires +5V power supply. All pins are TTL compatible. 

The MB82B79 is ideally suited for use in large computer and other applications where fast 
access time, large-capacity and ease of use are required. 

All devices offer the advantages of low power dissipation, low cost high performance. 

• Organization: 8, 192 words x 9 bits 

• Static operation: No clocks or refresh required 

• Fast access time: 

tAA=tACS1=15ns max. / tACS2=tOE=8ns max. (MB82B79-15) 
tAA=tACS1=20ns max. / tACS2=tOE=10ns max.(MB82B79-20) 

• Single=5V(+10%) power supply with low current drain: 

Active operation = 120mA max. 

Standby operations 5mA max.(CMOS level) 

Standby operation=25mA max.(TTL level) 

• Bi-CMOS peripheral 

• TTL compatible inputs/outputs 

• Three-state output 

• 300 mil width 28-pin plastic Skinny DIP package (Suffix: -P-SK) 

• 450 mil width 28-pin plastic SOP package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 


Input Voltage on any pin with to GND 

VlN 

-0.5 to +7.0 


Output Voltage on any pin with to GND 


-0.5 to +7.0 


Power Dissipation 

Po 

1.0 



Iout 

±20 

mA 

Temperature under Bias 


-10 to +85 


Storage Temperature 

Tstg 

-40 to +125 

° c 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 




PIN ASSIGNMENT 



(TOP VIEW) 


A4 

□ 

1 

28 

□ vcc 

A5 

□ 

2 

27 

□ WE 

A6 

q 

3 

26 

□ CS2 

A7 

c 

4 

25 

□ A2 

A8 

c 

5 

24 

□ A1 


c= 

6 

23 

□ A0 


c= 

7 

22 

□ OE 


q 

8 

21 

Z3 A3 


c= 

9 

20 

□ CS1 


c= 

10 

19 

□ 1/09 


1= 

11 

18 

HI 1/08 

1/03 

c 

12 

17 

□ 1/07 

1/04 

c 

13 

16 

□ 1/06 

GND 

•d 

14 

15 

□ 1/05 


This device contains circuitiy to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 FUJITSU LIMITED 
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MB82B79-15 

MB82B79-20 

PIN DISCRIPTION 


1 

Pin name 

Symbol 

Pin name 

AO to A12 

Address input. 

WE 

Write Enable. 

1/01 to 1/09 

Data input /output . 

VCC 

Power Supply ( +5 V±10%) 

CS1 

Chip Select 1. 

GND 

Ground . 

CS2 

Chip Select 2. 

GNDQ 

Ground for output. 

OE 

Output Enable . 

NC 

No Connection. 


TRUTH TABLE 


WE 



ii 

Mode 

I/O pin 


X 

H 

mm 

mm 

Standby 

■■■ 

Standby 

X 

mm 

mm 

X 

Not selected 

KH 

Active 

H 

HI 

H 


"Dout disable 

mssii 

Active 

H 

mm 


L 

Read 

Data out 

Active 

L 

L 

H 

X 

Write 

Data in 

Active 


Legend: H=High level, L=Low level, X=Don’t care 

RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) . 


Parameter 

Symbol 

Min 

Typ 

Max 


Supply Voltage 

VCC 

Hi 

5.0 

5.5 

H 

Ambient Temperature 

TA 

0 


70 

°C 
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MB82B79-15 


DC CHARACTERISTICS MB82B79-20 

(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VIN=GND to VCC 

VCC=max. 

ILI 

-10 

10 

pA 

Output Leakage Current 

VI/0=GND to VCC 

CS1=VIH or CS2=VIL or 
WE=VIL or 0E=VIH 

ILI/0 

-10 

10 

pA 

Operating Supply Current 

CS1=VIL, l/0=0pen 
Cycle=min. 

ICC 

■ 

120 

mA 

Standby Supply Current 

VCC=min. to max. 
CS1=VCC-0.2V, VIN<0.2V 
or VIN>VCC-0.2V 

ISB1 

■ 

15 

mA 

Standby Supply Current 

CS1=VIH 

ISB2 

■ 

25 

mA 

Input High Voltage 


VIH 

2.2 

6.0 

D 

Input Low Voltage 


VIL 


0.8 

m 

Output High Voltage 

I0H=-4mA 

VOH 

s 

■ 

D 

Output Low Voltage 

I0L=8mA 

i 

VOL 

■ 

D 

V 

Peak Power-on Current *2 

VCC=GND to 4.5V 
CSl=Lower of VCC or 

VIH min. 

IPO 


50 

mA 


Note: *1 -2.0V min, for pulse width less than 20ns. 

*2 The CS1 input should be connected to VCC to keep the device deselected. 


Fig. 2 - AC TEST CONDITIONS 


Input Pulse Levels : 

Input Pulse Rise & Fall Time: 
Timing Reference Levels: 


• Output Load 


0.6V to 2.4V 

3ns (Transient between 0.8V and 2.2V) 
Input: VIL=0.8V, VIH=2.2V 
Output: V0L=0.8V, V0H=2.2V 


5V 



480ft 


255ft 


* Including Scope and jig capacitance 



CL 

Parameters measured 

Load I 

30pF 

except tLZ, tHZ, tOW, tOLZ and tOHZ 

Load II 

5pF 

tLZ, tHZ, tOW, tOLZ and tOHZ 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 
READ CYCLE *1 


MB82B79-15 

MB82B79-20 


Parameter 

Read Cycle Time 

Address Access Time * 2 

/CS1 Access Time * 3 

CS2 Access Time 








Symbol 


MB82B79-15 
Min Max 

15 

15 


MB82B79-20 



1 /WE is high for Read cycle. 

*2 Device is continuously selected, CS=QE=VIL . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500raV from steady state voltage. 
*5 This parameter is specified with Load II in Fig. 2. 
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MB82B79-20 


WRITE CYCLE *1 


Parameter 


MB82B79-15 

MB82B79-20 

Unit 

Min 

Max 

Min 

Max 


■ 

15 


20 


ns 

Address Valid to End of Write 

tAW 

10 


15 


ns 

/CS1 to End of Write 

tcwi 

10 


15 


ns 

CS2 to End of Write 

tCW2 

6 


8 


ns 


tDW 

7 


10 


ns 

Data Hold Time 

tDH 

3 


3 


ns 

Write Pulse Width 

tWP 

8 


10 


ns 

*2 

Write Recovery Time 

/CS1 , /WE 

tWRl 

3 


3 


ns 

CS2 

tWR2 

5 


5 


ns 

Address Setup Time 

/CSl./WE 

tASl 

0 


0 


ns 

CS2 

tAS2 

2 


2 


ns 

Output Low-Z from /WE *3*4 

tow 

0 


0 


ns 

Output High-Z from /WE *3*4 

twz 


8 


10 

ns 


WRITE CYCLE TIMING DIAGRAM *1 


WRITE CYCLE I: WE CONTROLLED 



rn .‘Don’t care Effil : Undefined 


Note: *1 If CS1. OE and CS2 are in the READ Mode during this period, I/O pins 

are in the out put state so that the input signals of opposite phase to 
the outputs must not be applied. 

*2 tWR is defined from the end point of WRITE Mode. 

*3 Transition is measured at the point of ±500mV from steady state voltage. 
*4 This parameter is specified with Load II in Fig. 2. 
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MB82B79-15 

MB82B79-20 






MB82B79-15 

MB82R79-20 


PACKAGE DIMENSIONS 

PLASTIC FPT (Suffix: -PF) 




High-speed BiCMOS SRAMs 


Static RAM Data Book 


2-64 


TS28 1-A89Z 
December 1989 


DATA SHEET 


cP 


FUJITSU 


MB82B81-15/-20 

256K BIT HIGH SPEED BI-CMOS SRAM 


262,144-WORD x 1-BIT Bi-CMOS HIGH SPEED 
STATIC RANDOM ACCESS MEMORY 

The Fujitsu MB82B81 is a 65,536 words by 1 bits static random access memory tabricatea witn a 
CMOS silicon gate process. To make power dissipation lower and high speed, peripheral 
circuits consist of Bi-CMOS technology, and to obtain amaller c hi P size, cells consist of NMOS 
transistors and resistors. 

MB82B81 has 300mil plastic DIP and 300mil plastic small out-line J-Jead (SOJ) package as 
package option. The memory utilizes asynchronous circuitry and requires +5V power supply. All 
pins are TTL compatible. 

The MB82B81 is ideally suited for use in large computer and other applications where fast 
access time, large-capacity and ease of use are required. 

All devices offer the advantages of low power dissipation, low cost high performance. 

• Organization: 262,144 words x 1 bit 

• Static operation: No clocks or refresh required 

• Fast access time: 

tAA=tACS=15ns max.(MB82B81-15) 
tAA=tACS=20ns max.(MB82B81-20) 

• Single=5V(+10%) power supply with low current drain: 

Active operation = 120mA max. 

Standby operations 15mA max.(CMOS level) 

Standby operation=30mA max.(TTL level) 

• Bi-CMOS peripheral 

• TTL compatible inputs/outputs 

• Three-state output 

• 300 mil width 24-pin plastic Skinny DIP package (Suffix: -P-SK) 

• 300 mil width 24-pin plastic SOJ package (Suffix: -PJ) 

• Pin compatible with MB81C81A 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

V 

Input Voltage on any pin with to GND 

VlN 

-0.5 to +7.0 

V 

Output Voltage on any pin with to GND 

Vi/o 

-0.5 to +7.0 

V 

Power Dissipation 

Pd 

1.0 

w 

Output Current 

lOUT 

±20 

mA 

Temperature under Bias 

Tbias 

-10 to +85 

fc 

Storage Temperature 

Tstg 

-^0 to +125 

°c 



PLASTIC PACKAGE 
DIP-24P-M03 



PLASTIC PACKAGE 
LCC-24P-M02 



PIN ASSIGNMENT 




CL 

£ 

WEW) 



A16 

c= 

1 

24 

□ 

Vcc 

A17 

c= 

2 

23 

□ 

A0 

A13 

□ 

3 

22 

□ 

A1 

A12 

□ 

4 

21 

□ 

A2 

All 

c= 

5 

20 

□ 

A3 

A14 

cz 

6 

19 

□ 

A4 

A15 

c= 

7 

18 

□ 

A7 

A10 

c= 

8 

17 

□ 

A6 

A9 

c= 

9 

16 

□ 

A5 

! DoutC 

10 

15 

□ 

A8 

WE 

c 

11 

14 

=3 

Din 

GND 

[= 

12 

13 

□ 

CS 








NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains drcuitiy to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 FUJITSU LIMITED 
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Fig. 1 - MB82B 




CMUPACITANCE(Ta=25°C, f=lMHz) 

Parameter 

I/O Capacitance (VI/Q=OV) 

Input Capacitance (VIN=0V) 
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MB82B81-15 

MB82B81-20 




















MB82B81-15 

MB82B81-20 


PIN DISCRIPTION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A17 

Address input. 

WE 

Write Enable . 

DIN 

Data input . 

vcc 

Power Supply(+5V±10%) . 

DOUT 

Data output. 

GND 

Ground. 

CS 





TRUTH TABLE 


| | 

WE 

Mode 

Output 

Power Supply Current 

H 

X 

Not Selected 

High-Z 

Standby 

L 

L 

Write 

High-Z 

Active 

L 

H 

Read 

DOUT 

Active 


Legend: H=High level, L=Low level, X=Don't care 


RECOWENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

VCC 

■a 


5.5 

D 

Ambient Temperature 

TA 

0 


70 

°c 
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MB82B81-15 


DC CHARACTERISTICS MB82B81-20 

(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VIN=GND to VCC 

VCC=max . 

ILI 

-5 

5 

pA 

Output Leakage Current 

V0UT=GND to VCC 

CS=VIH or WE=VIL 

ILI/0 

-5 

5 

pA 

Operating Supply Current 

CS=VIL, D0UT=0pen 
Cycle=min. 

ICC 

■ 

120 

D 

Standby Supply Current 

VCC=min. to max. 
CS=VCC-0.2V, VIN<0.2V 
or VIN>VCC-0.2V 

ISB1 

■ 

15 

D 

Standby Supply Current 

CS=VIH 

VCC=min. to max. 

ISB2 

■ 

30 

mA 

Input High Voltage 


VIH 

H 

6.0 

V 

Input Low Voltage 


VIL 

*i 

-0.5 

0.8 

V 

Output High Voltage 

I0H=-4mA 

VOH 

B 

B 


Output Low Voltage 

I0L=8mA 

VOL 

B 


V 

Peak Power-on Current *2 

VCC=GND to 4.5V 
CS=Lower of VCC or 

VIH min. 

IPO 


50 

mA 


Note: *1 -2.0V min, for pulse width less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 


Fig. 2 - AC TEST CONDITIONS 


• Input Pulse Levels: 

• Input Pulse Rise & Fall Time: 

• Timing Reference Levels: 


• Output Load 

5V 



480fl 


255 G 


0.6V to 2.4V 

Ins (Transient between 0.8V and 2.2V) 
Input : VIL=0 . 8 V , VIH=2 . 2V 
Output: V0L=0.8V, V0H=2.2V 


* Including Scope and jig capacitance 



CL 

Parameters measured 

Load I 

30pF 

except tLZ, tHZ, tOW and tWZ 

Load II 

5pF 

tLZ, tHZ, tOW and tWZ 
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MB82B81-15 

MB82B81-20 

AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


READ CYCLE 


Parameter 

Symbol 

MB82B81-15 

MB82B81-20 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

■B39H 

15 


20 


ns 

Address Access Time 

■ ■ 


15 


20 

ns 

/CS Access Time 



15 


20 

ns 

Output Hold from Address Change 


3 


3 


ns 

Output Low-Z from /CS 

tLZ 

3 


3 


ns 

On tpii -h High.—? /OR 

tHZ 


A 


i n 

ns 

Power Up from /CS 

tPU 

0 


0 


ns 

Power Down from /CS 

tPD 


15 


15 

ns 



READ CYCLE TIMING DIAGRAM *1 



Note: *1 WE is high for Read cycle. 

*2 All Read cycle timings are referenced from the last valid address 
to the first transitioning address . 

*3 Device is continously selected, CS=VIL. 

*4 Address valid prior to or coincident with CS transition low. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 
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WRITE CYCLE 


MB82B81-15 

MB82B81-20 


Parameter 

Symbol 

MB82B81-15 

MB82B81-20 

Unit 

■w 

Max 

Min 

Max 

Write Cycle Time 

KXEH 

15 


20 


ns 

Address Valid to End of Write 

■B39H 

12 


17 


ns 

/CS to End of Write 

■23m 

12 


17 


ns 


tDW 

4 


9 


ns 

Data Hold Time 

tDH 

0 


2 


ns 

Write Pulse Width 

tWP 



16 


ns 

Write Recovery Time 

tWR 

1 


3 


ns 

Address Setup Time 

tAS 

0 


0 


ns 

Output Low-Z from /WE 

tow 

0 


0 


ns 

Output High-Z from /WE 

twz 


6 


8 

ns 


WRITE CYCLE TIMING DIAGRAM *1 



Undefined m Don’t Care 


Note: *1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All Read cycle timings are referenced from the last valid address to 
first transitioning address. 

*4 Transition measured at ±500mV from steady state voltage with specified 
load in Fig. 2. 
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MB82B81-15 

MB82B81-20 


WRITE CYCLE TIMING DIAGRAM (Continued) * 1 * 2*4 



Note: *-j or W£ must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All Write cycle timings are referenced from the last valid address to the first transitioning address. 
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MB82B81-15 

MB82B81-20 


PACKAGE DIMENSIONS 

( Suffix :-P-SK) 

24-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No . : DIP— 24P— M03) 





(Suffix : ~PJ) 


24-LEADS PLASTIC SOJ PACKAGE 
CASE No.: LCC-24P-M02) 



. 091 ( 2 . 31 ) 


NOM 


T5-r 


. 340±.005 
( 8 . 6410 . 13 ) 
. 2731.020 
( 6 . 9310 . 51 ) 


Ua 


j 


•M 


. 025 ( 0 . 64 ) 


MIN 

. 144 ( 3 . 66 ) 


MAX 








FUJITSU 


CMOS 262144-BIT BI-CMOS 

MB82B84-15 

STATIC RANDOM ACCESS MEMORY 

MB82B84-20 


256K-BIT(65,536 x 4) Bi-CMOS HIGH SPEED STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


TS268— B893 
March 1989 


The Fujitsu MB82B84 is a 65,536-words by 4-bits static 
random access memory fabricated with a CMOS silicon 
gate process. To make power dissipation lower and high 
speed, peripheral circuits consist of Bi-CMOS techno- 
logy, and to obtain smaller chip size, cells consist 


MB82B84 has 300mil plastic DIP and plastic small out- 
line J-lead(SOJ) as package option. The memory utilizes 
asynchronous circuitly and requires +5V power supply. 
All pins are TIL compatible. 

The MB82B84 is ideally suited for use in large computer 
and other applications where fast access time, large 
capacity and ease of use are required. 

All devices offer the advantages of low power dissipa- 
tion, low cost high performance. 


• 65,536 words x 4 bits organization 

• Fast access time: 
tAA=tACS=15ns max. (MB82B84-15) 
tAA=tACS=20ns max. (MB82B84-20) 

• Bi-CMOS peripheral 

• 1TL compatible inputs /outputs 

• Completely static operation: No clock required 

• Three-state output 

• Common data input/output 

• Single=5V(±10%) power supply with low current drain 

Active operation = 120mA max. 

Standby operation = 15 mA max. (CMOS level) 
Standby operation = 25 mA max . (TTL level) 

• Standard 24-pin plastic DIP package : Suffix -P-SK 

• Standard 24-pin plastic SOJ package : Suffix -PJ 

• Pin compatible with MB81C84A 


ABSOLUTE MAXIMUM RATINGS (See Note) 


Rating 

Symbol 

Values 

Supply Voltage 

VCC 

-0.5 to +7.0 

Input Voltage 

VIN 

-3.5 to +7.0 

Output Voltage 

VI/0 

-0.5 to +7.0 

Output Current 

I OUT 

±20 

Power Dissipation 

PD 

1.0 

Temperature Under Bias 

TBIAS 

-10 to +85 

Storage Temperature Range 

TSTG 

-40 to +125 


WMF 


PLASTIC PACKAGE 
DIP— 24P— M03 



PLASTIC PACKAGE 
LCC-24P-M02 


PIN 

ASSIGNMENT 

c 

rop view 

) 

A15 C 

l 

24 

□ vcc 

A0 Cl 

2 

23 

□ A14 

A1 C= 

3 

22 

mAia 

A2 CZ 

4 

21 

□ A12 

A3 C= 

5 

20 

HI All 

A4 C 

6 

19 

^□AlO 

A7 C 

7 

18 

□ A9 

A6 C 

8 

17 

□ 1/04 

A5 C 

9 

16 

□ 1/03 

A8 IZ 

10 

15 

□ 1/02 

CS □ 

11 

14 

□ 1/01 

GND IZ 

12 

13 

□ WE 

(DIP , 

& SOJ Package) 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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CAPACITANCE ( Ta=25 °C, f=lMHz) 

Parameter 

I/O Capacitance (VI/Q=QV) 

Input Capacitance (V/CS=0V) 

Input Capacitance (VIN=OV) 
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MB82B84-15 

MB82B84-20 


84 BLOCK DIAGRAM 


256 x 256 x 4 
Memory Cell Array 


I/O Circuits 


Column Select 


A8 6 A10 6 A12 6 A14 6 
A9 All A13 A15 




















MB82B84-15 

MB82B84-20 

PIN DISCRIPTION 


Symbol 

Pin name 

Symbol 

Pin name 

AO to A15 

Address input. 

WE 

Write Enable. 

1/01 to 1/04 

Data input/output. 

vcc 

Power Supply(+5V±10%) . 

CS 

Chip Select 1. 

GND 

Ground . 


TRUTH TABLE 


CS 

WE 

Mode 

I/O pin 

Power Supply Current 

H 

Hi 

Standby 

High-Z 

Standby 

Hi 

mm 

Write 

DIN 

Active 

L 

H 

Read 

DOUT 

Active 


Legend: H=High level, L=Low level, X=Don’t care 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) . 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

VCC 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

TA 

0 


70 

°C 
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MB82B84-15 


DC CHARACTERISTICS MB82B84-20 

(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VIN=GND to VCC 

VCC=max. 

ILI 

-5 

5 

pA 

Output Leakage Current 

VI/0=GND to VCC 

CS=VIH or WE=VIL 

ILI/0 

-5 

5 

pA 

Operating Supply Current 

CS=VIL, l/0=0pen 
Cycle=min. 

ICC 

■ 

120 

mA 

Standby Supply Current 

VCC=min. to max. 
CS=VCC-0.2V, VIN<0.2V 
or VIN>VCC-0.2V 

ISB1 

■ 

15 

mA 

Standby Supply Current 

CS=VIH 

VCC=min. to max. 

ISB2 

■ 

25 

mA 

Input High Voltage 


VIH 

2.2 

6.0 

V 

Input Low Voltage 


VIL 

*1 

-0.5 

0.8 

V 

Output High Voltage 

I0H=-4mA 

VOH 

D 

■ 

n 

Output Low Voltage 

I0L=8mA 

VOL 

■ 

0.4 

n 

Peak Power-on Current *2 

VCC=GND to 4.5V 

CS=Lower of VCC or 

VIH min. 

IPO 


50 

mA 


Note: *1 -2.0V min, for pulse width less than 20ns. 

*2 The CS input should be connected to VCC to keep the device deselected. 


Fig. 2 - AC TEST CONDITIONS 


• Input Pulse Levels: 

• Input Pulse Rise & Fall Time: 

• Timing Reference Levels: 


• Output Load 

5V 

480ft 

255ft 

tTt tTt 



0.6V to 2.4V 

3ns (Transient between 0.8V and 2.2V) 
Input: VIL=0.8V, VIH=2.2V 
Output: VOL=0.8V, V0H=2.2V 


* Including Scope and jig capacitance 



CL 

Parameters measured 

Load I 

30pF 

except tLZ, tHZ, tOW and tWZ 

Load II 

5pF 

tLZ, tHZ, tOW and tWZ 
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MB82B84-15 

MB82B84-20 


AC CHARACTERISTICS 

(Reconnnended operating conditions unless otherwise noted.) 


READ CYCLE 


Parameter 


Symbol 


MB82B84-15 


Read Cycle Time 

Address Access Time 




Output Hold from Address Change 
Output Low-Z from /CS 


MB 8 2B 8 4-20 
Min Max 

20 

20 
20 

























MB82B84-15 

MB82B84-20 


WRITE CYCLE 


Parameter 


MB82B84-15 

MB82B84-20 


Min 


Min 

Max 

Write Cycle Time 

K329H 

15 


20 


ns 

Address Valid to End of Write 

■xm 

10 


15 


ns 

/CS to End of Write 

m 

10 


15 


ns 

Data Setup Time 

BB39H 

7 


10 


ns 

Data Hold Time 

tDH 

3 


3 


ns 

Write Pulse Width 

WESMM 

8 


10 


ns 

Write Recovery Time 

MQ53 B 

2 


2 


ns 

Address Setup Time 

K233HI 

0 


0 


ns 

Output Low-Z from /WE 

tow 

0 


0 


ns 

Output High-Z from /WE 

twz 


8 


10 

ns 


WRITE CYCLE TIMING DIAGRAM *1 


WRITE CYCLE I: WE CONTROLLED 


ADDRESS 



Undefined: £3 


Don't Care: □ 


Note: *1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All Read cycle timings are referenced from the last valid address to 
first transitioning address. 

*4 Transition measured at ±500mV from steady state voltage with specified 
load in Fig. 2. 

*5 If CS is in the Read Mode during this period, I/O pins are in the 

output state so that the input signals of opposite phase to the outputs 
must not be applied. 
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MB82B84-15 

MB82B84-20 


WRITE CYCLE II: CS CONT 

ROLLED * 1 * 2 


“* X WC J “ 


ADDRESS ) 

L _ -- J 



♦ i 






j 1 

CS 


f 

i 

WE 


I 





t DH 

mmmm 

DATA VALID 

mmwm 

Undefined: 

Don't Care: [ | 



Note: *1 CS or WE must be high during address transitions. 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All Read cycle timings are referenced from the last valid address to 
first transitioning address. 

*4 Transition measured at ±500mV from steady state voltage with specified 
load in Fig. 2. 

*5 If CS is in the Read Mode during this period, I/O pins are in the 

output state so that the input signals of opposite phase to the outputs 
must not be applied. 
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PACKAGE DIMENSIONS 


MB82B84-15 

MB82B84-20 


INDEX-1 


INDEX-2— 


24-LEADS PLASTIC DUAL-IN LINE PACKAGE 
(CASE No. :DIP-24P-M03) 

Ji.Q-.Jh Y h £h. f\ Q Q Q Yh Q J 


(EJECTOR MARK) 


P 


1 Lr* Sj- 1 Sj-* Hr 1 Vr 1 Kj 1 U ^ 

1.170 


+.008 

^-.012 


129.72!°;!®) 


.260±.010 

(6.60±0.25) 




Dimensions in 
inches (millimeters) 


> FUJITSU LIMITED 1987 D24017S-2C 


24-LEAD PLASTIC LEADED CHIP CARRIER 
(CASE No.: LCC-24P-M02) 




©1989 FUJITSU LIMITED C24052S-1C 
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Section 3 


Low Power CMOS SRAMs — At a Glance 

I Maximum 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 


3-3 

MB8464A-80/LAL 

80 

65536 bits 

28-pin 

Plastic 

DIP, FPT 


-10/L/LL 

100 

(8192w x 8b) 

32-pad 

Ceramic 

LCC 


-15/L/LL 

150 





3-15 

MB84256- 10/L/LL 

100 

262144 bits 

28-pin 

Plastic 

DIP, FPT 


-1 2/L/LL 

120 

(32768W x 8b) 

32-pad 

Ceramic 

LCC 


-15/L/LL 

150 





3-25 

MB84256A-70/L/LL 

70 

262144 bits 

28-pin 

Plastic 

DIP, FPT 


-10/L/LL 

100 

(32768w x 8b) 





— 1 2/L/LL 

120 






-15/L/LL 

150 





3-35 

MB84F256-25 

250 

262144 bits 

28-pin 

Plastic 

DIP, FPT 




(32768w x 8b) 




3-47 

MB841000-80/L 

80 

1048576 bits 

32-pin 

Plastic 

DIP, FPT 


-10/L 

100 

(131072w x 8b) 





— 12/L 

120 






3 



Low Power CMOS SRAMs 


Static RAM Data Book 


3-2 


CMOS 65536-BIT 


FUJITSU 


STATIC RANDOM 
ACCESS MEMORY 


MB 8464A-80/80L/80LL 
MB 8464A-1 0/1 OL/1 OLL 
MB 8464A-1 5/1 5L/1 5LL 


March 1987 
Edition 2.0 


8,192 WORDS x 8 BIT CMOS STATIC RAM WITH 
LOW POWER AND DATA RETENTION 


The Fujitsu MB 8464A is a 8192-word by 8-bit static random access memory 
fahrirated with a CMOS sillicon gate Drocess. The memory utilizes asynchro- 
nous circuitry and may be maintained in any state for an indefinite period of 
time. All pins are TTL compatible, and a single 5 volts power supply is re- 
quired. 

The MB 8464A is ideally suited for use in microprocessor systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost, and high performance. 

• Organization: 8192 words x 8 bits 

• Fast access time: 80 ns max. (MB 8464A-80/80L/80LL) 

100 ns max. (MB 8464A-10/10L/10LL) 

150 ns max. (MB 8464A-15/15L/15LL) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three-state output 

• Common data input/output 

• Single +5V power supply, ±10% tolerance 

• Low power standby : IlmWmax. (MB 8464A-80/10/15) 

0.55mW max. (MB 8464A-80L/10L/15L) 

0.55mW max. (MB 8464A-80LL/10LL/15LL) 

• Data retention current: 1mA max. (MB 8464A-80/10/15) 

25/iA max. (MB 8464A-80L/10L/15L) 

2/jlA max. at 0°C to 40°C 

(MB 8464A-80LL/10LL/1 5LL) 

• Data retention: 2.0V min. 

• Standard 28-pin DIP (300mil width) (Suffix: P-SK) 

(600mil width) (Suffix: P) 

• Standard 28-pin bend-type Flat package (450mil width) (Suffix: PF) 

• Standard 32-pad LCC (Suffix: CV) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

< 

o 

o 

-0.5 to +7.0 

V 

Input Voltage 

V IN 

-0.5* to V cc +0.5 

V 

Output Voltage 

V OUT 

-0.5 to V cc +0.5 

V 

Temperature Under Bias 

T BIAS 

— 10 to +85 

°C 

Storage Temperature 
Range 

CERAMIC 

Tstg 

-65 to +150 

°C 

PLASTIC 

-45 to +125 


*-2.0V for pulse width less than 20ns. 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE 
DIP-28P-M02 


PLASTIC PACKAGE 
DIP-28P-M04 




PLASTIC PACKAGE 
FPT-28P-M02 


CERAMIC PACKAGE 
LCC-32C-A02 


PIN ASSIGNMENT 


NCC 

1 

28 

□ v cc 

A12C 

2 

27 

□ WE 

a 7 C 

3 

26 

□ CS 2 

AsC 

4 

25 

□ A S 

AsC 

5 

24 

□ Ag 

A 4 C 

6 

23 

□ A,, 

a 3 C 

7 

22 

□ OE 

a 2 C 

8 

TOP VIEW 21 

DA 10 

A, C 

9 

20 

□ cs, 

AoC 

10 

19 

□ l/0 8 

1/0,11 

11 

18 

□ l/0 7 

I/O2C 

12 

17 

□ i/o 6 

I/O3C 

13 

16 

□ l/o 5 

GNOC 

I! 

15 

□ l/o 4 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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“ :: MB 8464A-80 80L SOU 
FUJITSU MB 3464A-1 0/1 OL/1 OLL 
■MB MB 8464A-1 5/1 5L/1 5LL 


- MB 8464 A BLOCK DIAGRAM 


ADDRESS 

BUFFER 


ROW 

DECODER 


256 x 32 x 8 
MEMORY CELL 
ARRAY 





ADDRESS 

BUFFER 


I/O GATE 
& 

COLUMN DECODER 







I/O-, l/0 2 l/0 3 l/0 4 l/0 5 l/0 6 l/0 7 l/0 8 


TRUTH TABLE 


MODE 

NOT SELECTED 
NOT SELECTED 

Dqut disable 

READ 

WRITE 


SUPPLY CURRENT 


CAPACITANCE (T a = 25°C,f = 1 MHz) 


Parameter 

I/O Capacitance (V, /0 - OV) 
Input Capacitance (Vi N == OV) 






MB 8464A-80/80L/80LL 
MB 8464A-1 0/1 0L/1 OLL 
MB 8464A-1 5/1 5L/1 5LL 


llllllllllllllllllllllllllllllllllllllllllllll 

FUJITSU 

llllllllllllllllllllllllllllillllllllllllllll 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

V C c 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-2.0* 


0.8 

V 

Input High Voltage 

V, H 

2.2 


Vcc+0.3 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


*- 2.0 V Min for pulse width less than 20 ns. (V, L Min. = -0.3 V at DC level) 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB 8464 A- 
80/10/15 

MB 8464A-80L/80LL 
10L/10LL/15L/15LL 

Unit 

Test Condition 

Min 

Max 

Min 

Typ 

Max 

Standby Supply Current 

•sbi 


2 


IjuA 

0.1 

mA 

CS 2 < 0.2V, CSt ^ V CC -0.2V 
(CS 2 < 0.2V or CS 2 ^ V CC -0.2V) 

•SB2 


3 



3 

mA 

CSi — V|H or CS 2 — V 1 1 _ 

Active Supply Current 

!cci 


50 



50 

mA 

CSt = V, L ,CS 2 = V, H 

Vin = V| H or V | L , Iout = 0mA 

Operating Supply Current 

*CC2 


60 



60 

mA 

Cycle = Min., Duty = 100% 

Iqut = 0mA 

Input Leakage Current 

Ili 

-1 

1 

-1 


-1 

ma 

V|N = 0V to V cc 

Output Leakage Current 

•li/o 

-2 

2 

-2 


2 

ma 

V i/o = 0 V to V cc 

CS-] — V ||_| or CS 2 — V 1 1 _ or 

OE = V | H or WE = V IL 

Output High Voltage 

VoH 

2.4 


2.4 



V 

1 oh = —1.0mA 

Output Low Voltage 

V OL 


0.4 



0.4 

V 

1 o l = 2.1 m A 


Note: All voltages are referenced to GND 


Fig. 2 -AC TEST CONDITIONS 


< Output Load > 


• Input Pulse Levels: 

• Input Pulse Rise and Fall Times: 

• Timing Reference Levels: 

• Output Load: 


0.6V to 2.4V 

5ns (Transient Time between 0.8V and 2.2 V) 
Input: V, L = 0.8V, V IH = 2.2V 

Output: V OL = 0.8V, V OH = 2.0V 



R 1 

r 2 

c L 

Parameters Measured 

Load 1 

1 .8KL2 

99012 

100 pF 

except t CLZ , t 0 |_z> tcHZ- tOHZ' t WLZ and t WHZ 

Load II 

1.8KH 

99012 

5 pF 

tCLZ- tOLZ- ^CHZ< tQHZ. *WLZ and l WH Z 


+5V 



* Including jig and stray capacitance 
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FUJITSU 


MB 8464A-80/80L/80LL 
MB 8464A-1 0/1 0L/1 OLL 
MB 8464A-1 5/1 5L/1 5LL 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 
READ CYCLE 


Parameter 

Symbol 

MB 8464 A- 
80/80L/80LL 

MB 8464 A- 
10/10L/10LL 

MB 8464 A- 
15/15L/15LL 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

t RC 

80 


100 


150 


ns 

Address Access Time 

*AA 


80 


100 


150 

ns 

CS-| Access Time 

t AC1 


80 


100 


150 

ns 

CS 2 Access Time 

t AC2 


80 


100 


150 

ns 

Output Enable to Output Valid 

foE 


35 


45 


55 

ns 

Output Hold from Address Change 

f OH 

10 


10 


10 


ns 

Chip Select to Output Low-Z* 1 

td_Z 

10 


10 


10 


ns 

Output Enable to Output Low-Z* 1 

tOLZ 

5 


5 


5 


ns 

Chip Select to Output High-Z* 1 

tCHZ 


35 


35 


40 

ns 

Output Enable to Output High-Z* 1 

f OHZ 


30 


35 


40 

ns 


READ CYCLE TIMING DIAGRAM* 2 


READ CYCLE I * 3 


tRC- 


ADDRESS " 

£ — X 


1 


t OH — | 


Dqut PREVIOUS DATA VALID 1 

K X X X pata^valid 


READ CYCLE II* 4 



Note: *1 Transition is measured at the point of ±500mV from steady state voltage. 

*2 WE is high for Read Cycle. 

*3 Device is continuously selected, CS-| = OE = V )L , CS 2 = V !H . 

*4 Address vaild prior to or coincident with CSt transition low, CS 2 transition high. 
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MB 8464A-80/80L/80LL " ! 

MB 8464A 10/10L/10LL wJl I bu 
MB 8464A-1 5/1 5L/1 5LL 


WRITE CYCLE 


Address Valid to End of Write 
Chip Select to End of Write 
Data Valid to End of Write 
Data Hold Time 
Write Pulse Width 
Address Setup Time 
Write Recovery Time 
Write Enable to Output Low-Z* 1 
Write Enable to Output High-Z* 1 


MB 8464 A- 
80/80 L/80LL 

MB 8464 A- 
10/10L/10LL 

MB 8464 A- 
15/15L/15LL 

Min 

Max 

Min 

Max 

Min 

Max 

SO 


100 


i CA 


60 


80 


100 


60 


80 


100 


30 


35 


40 


5 


5 


5 


60 


70 


90 


0 


0 


0 


10 


10 


10 


5 


5 


5 



30 


35 


40 


WRITE CYCLE TIMING DIAGRAM 2 



Note: *1 Transition is measured at the point of ±500mV from steady state voltage. 

*2 If OE, CSt and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the 
input signals of opposite phase to the outputs must not be applied. 









MB 8464A-80/80L/80LL 
MB 8464A-1 0/1 0L/1 OLL 
MB 8464A-1 5/1 5L/1 5LL 


iiiniiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

FUJITSU 

IllllllilUlllllllllllllllI 


DATA RETENTION CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Data Retention Supply Voltage 

Vdr 

2.0 


5.5 

V 

Data Retention 

Supply Current* 2 

Standard 

*DR 



1.0 

mA 

L-Version 

| 

1.0 

25 

AA 

LL-Version* 3 


1.0 

2.0 

/jA 

Data Retention Setup Time 

^DRS 

o 



ns 

Operation Recovery Time 

^ R 

*RC 



ns 


Note: *2 CS 2 controlled: V DR = 3.0V, CS 2 < 0.2V 

CSt controlled: V DR = 3.0V, CS, > V DR -0.2V (CS 2 <0.2V or CS 2 ^ V DR -0.2V) 
*3 V dr = 3.0V, T a = 0°C to 40° C 


DATA RETENTION TIMING 


DATA RETENTION I: CS-, CONTROLLED 



DATA RETENTION II: CS 2 CONTROLLED 
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MB 8464A-80/80L/80LL 

FUJITSU MB g464A-l 0/1 OL/T OLL 

■■■■ MB 8464A-1 5/1 5L/1 5LL 

PACKAGE DIMENSIONS 

(Suffix: P) 


28-LEAD PLASTIC DUAL-IN LINE PACKAGE 
(CASE No.: DIP-28P-M02) 





© 1986 FUJITSU LIMITED D28006S-2C - 


Dimensions in 
inches (millirr 




MB 8464A-80/80L/80LL — - 

MB 8464A-1 0/1 0L/1 OLL ' 

MB 8464A-1 5 1 5L/ 1 5LL ■■■■ 


PACKAGE DIMENSIONS 

(Suffix: P-SK) 


28-LEAD PLASTIC DUAL-IN-LINE PACKAGE 
(CASE No.: DIP-28P-M04) 





©1986 FUJITSU LIMITED D28018S-2C 


,018±.003 

(0.46±0.08) 


.020(0.51 )MIN 





© 1987 FUJITSU LIMITEDF28011S-2C 




MB 8464A-80/80L/80LL 
MB 8464A-1 0/1 0L/1 OLL 
MB 8464A-15/15L/15LL 


FUJITSU 


PACKAGE DIMENSIONS 

(Suffix: CV) 


32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 



Dimensions in inches 
(millimeters) 

* Shape of PIN NO. 1 INDEX: Subject to change without notice. 

©1987 FUJITSU LIMITED C32011S-3C 



Low Power CMOS SRAMs 


Static RAM Data Book 
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CMOS 262144-BIT 

MB 84256-lO/IOL/IOLL 1 

FUJITSU 

STATIC RANDOM 

MB 84256-12/12L/12LL 1 
MB 84256-15/15L/15LL I 


II 

ACCESS MEMORY 



August 1986 
Edition 2.0 


256K-BIT (32,768 x 8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB 84256 is a 32,768-word by 8-bit static random access mem- 
ory fabricated with a CMOS silicon gate process. The memory utilizes asynchro- 
nouse circuitry and may be maintained in any state for an indefinite period of 
time. All pins are TTL compatible, and a single +5 volts power supply is re- 
quired. 

The MB 84256 is ideally suited for use in microprocesser systems and other 
applications where fast access time and ease of use are required. All devices 
offer the advantages of low power dissipation, low cost and high performance. 


• Organization: 32,768 x 8 bits 

• Fast access time: 100 ns max. (MB 84256-10/10L/10LL) 

120 ns max. (MB 84256-12/12L/12LL) 

150 ns max. (MB 84256-15/15L/15LL) 

• Completely static operation: No clock required 

• TTL compatible inputs/outputs 

• Three -state outputs 

• Single +5V power supply, ±10% tolerance 

• Low power standby: 

CMOS level: 5.5 mW max. (MB 84256-10/12/15) 

0.55 mW max. (MB 84256-10L/10LL/12L/12LL/ 
15L/15LL) 

TTL level: 16.5 mW max. (MB 84256-10/10L/10LL/12/12L/12LL/ 

15/15L/15LL) 

• Data retention: 2.0V 

• Standard 28-pin DIP (600 mil) (Suffix: -P) 

• Standard 28-pin Bend-type Plastic Flat Package (450 mil) (Suffix: -PF) 

• Standard 32-pad LCC (Suffix: -CV) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage 

V,n 

-0.5 to V cc +0.5 

V 

Output Voltage 

VquT 

-0.5 to V cc +0.5 

V 

Temperature Under Bias 

t bias 

-10 to +85 

°c 

Storage 

Temperature Range 

CERAMIC 

Tstg 

-65 to +150 

°c 

PLASTIC 

-40 to +1 25 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PLASTIC PACKAGE PLASTIC PACKAGE 
DIP-28P-M02 FPT-28P-M02 



CERAMIC PACKAGE 
LCC-32C-A02 



This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB 84256-10/10L/10LL 
MB 84256 12/12L/12LL FUJITSU 
MB 84256-15/15L/15LL 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-2.0 * 


0.8 

V 

Input High Voltage 

V, H 

2.2 


V cc +0.3 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


* -2.0 V Min. for pulse width less than 20 ns. (V, L Min = -0.3 V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions otherwise noted.) 


Parameter 

Symbol 

MB 84256-10/12/15 

MB 84256-1 0L/10LL/ 

1 2L/1 2LL/15L/1 5LL 

Unit 

Test Conditions 

Min 

Max 

Min 

Max 

Standby Supply 
Current 

•sbi 


1 


0.1 

mA 

CS^V cc -0.2V 

•SB2 


3 


3 

CS = V 1H 

Active Supply 
Current 

•cci 


45 


45 

mA 

CS = V IL ,V 1N =V 1H or V IL 

1 out = 0 mA 

Operating Supply 
Current 

f CC2 


70 


70 

Cycle = Min., 

Duty = 100%, Iqut = 0 mA 

Input Leakage 
Current 

l L . 

-1 

1 

-1 

1 

tiA 

V IN = 0V to V cc 

Output Leakage 
Current 

•li/o 

-1 

1 

-1 

1 

ma 

V i/o = 0 V to Vcc , CS = V | h , 

OE = V, H or WE = V| L 

Output High 

Voltage 

VoH 

2.4 


2.4 


V 

1 o h = "1 .0 mA 

Output Low 

Voltage 

VoL 


0.4 


0.4 

V 

Iql = 2. 1 m A 


Note: All voltages are referenced to GND 


d out O 

(I/O) 

c L *: 


ITT 



Fig. 2 - AC TEST CONDITIONS 


• Input Pulse Levels: 

• Input Pulse Rise & Fall Times: 

• Timing Reference Levels: 

• Output Load 
Including Jig and stray capacitance 


0.6V to 2.4V 

5ns (Transient between 0.8V and 2.2V) 
Input: V| L = 0.8V, V, H = 2.2V 

Output: V OL = 0.8V, V OH = 2.0V 



Rl 

r 2 

c L 

Parameters Measured 

Load I 

i.8Kn 

990 n 

100pF 

except t C LZ' tOLZ' tCHZ* l OHZ- *WLZ and tWHZ 

Load II 

1.8Kft 

990 n 

5pF 

l CLZ' l OLZ' *CHZ' t OHZ' l WLZ and T WHZ 
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MB 84256-IO/lOL/lOLL 
MB 84256-12/12L/12LL 
MB 84256-15 15L15LL 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


READ CYCLE * 1 


Parameter 

Symbol 

MB 84256-10/ 
10L/10LL 

MB 84256-12/ 
12L/12LL 

MB 84256-15/ 
15L/15LL 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

100 


120 


150 


ns 

Address Access Time* 2 

t AA 


100 


120 


150 

ns 

CS Access Time* 3 

X ACS 


100 


120 


150 

ns 

Output Enable to Output Valid 

X OE 


40 


50 


60 

ns 

Output Hold from Address Change 

t OH 

20 


20 


20 


ns 

Chip Select to Output Low-Z* 4 * 5 

t CLZ 

10 


10 


10 


ns 

Output Enable to Output Low-Z* 4 * 5 

t OLZ 

5 


5 


5 


ns 

Chip Select to Output High-Z* 4 * 5 

X CHZ 


40 


40 


50 

ns 

Output Enable to Output High-Z* 4 * 5 

toHZ 


40 


40 


50 

ns 


READ CYCLE TIMING DIAGRAM * 1 


READ CYCLE I: ADDRESS CONTROLLED* 2 


ADDRESS 

°OUT 


-tRC 


-t AA “ 


—t OH — 


ix 


PREVIOUS DATA VALID 


X 


~ j 

DATA VALID 


READ CYCLE E: CS CONTROLLED* 3 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS = OE = V| L . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage. 
*5 This parameter is specified with Load E in Fig. 2. 
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MB 84256-10/10L/10LL 
MB 84256-12/12L/12LL 
MB 84256-1 5/1 5 L/l 5 LL 


FUJITSU 


WRITE CYCLE * 1 


Write Cycle Time* 3 
Address Valid to End of Write 

Chip Select to End of Write 

Data Valid to End of Write 
Data Hold Time 
Write Pulse Width 
Address Setup Time 
Write Recovery Time* 4 
WE to Output Low-Z* 5 * 6 
WE to Output High-Z* 5 * 6 
WRITE CYCLE TIMING DIAGRAM * 1 * 2 


MB 84256-10/ 
10L/10LL 

MB 84256-12/ 
12L/12LL 

MB 84256-15/ 
15L/15LL 

Min 

Max 

Min 

Max 

Min 

Max 

100 


120 


150 


80 


85 


100 


80 


85 


100 


40 


45 


50 


0 


0 


0 


60 


70 


90 


0 


0 


0 


5 


5 


5 


5 


5 


5 



40 


40 


50 



*1 If OE, CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*2 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*3 All write cycle are determined form last address transition to the first address transition of the next address. 

*4 t WR is defined from the end point of WRITE Mode. 

*5 Transition is measured at the point of ±500mV from steady state voltage. 

*6 This parameter is specified with Load II in Fig. 2. 




FUJITSU 



If OE, CS are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

If CS goes high simultaneously with WE high, the output remains in high impedance state. 

All write cycle are determined from last address transition to the first address transition of the next address. 
t WR is defined from the end point of WRITE Mode. 

Transition is measured at the point of ±500mV from steady state voltage. 

This parameter is specified with Load II in Fig. 2. 


E 



DATA RETENTION CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Data Retention Supply Voltage* 1 


Data Retention* 2 
Supply Current 


Data Retention Setup Time 
Operation Recovery Time 


L-Version 

LL-Version* 3 


Note: *1 CS^V dr -0.2V 

*2 V DR = 3.0V, CS>V DR —0.2V 
*3 V DR = 3.0V, T a = 40° C 


MB 84256-10/10L/10LL ^ 

MB 84256-12/12L/12LL FUJITSU 
MB 84256-15/15L/15LL 


Min 

Max 

2.0 

5.5 


1 


50 


5 

0 


^ RC 



DATA RETENTION TIMING 
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MB 84256-10/10L/10LL 
MB 84256-1 2/1 2L/1 2 LL 
MB 84256-1 5/1 5 L/15LL 


PACKAGE DIMENSIONS 

(Suffix: P) 


28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No. : DIP-28P-M02) 





Dimensions in 
inches (millimeters) 


1986 FUJITSU LIMITED D28006S 1C 



MB 84256-10/10L/10LL 
MB 84256-12/12L/12LL 
MB 84256-1 5/1 5 L/15 LL 


PACKAGE DIMENSIONS 

(Suffix: PF) 


28-LEAD PLASTIC FLAT PACKAGE 


(CASE No.: FPT-28P-M02) 



0(0)M I N 
(STAND OFF) 


.402(10.2) 



004(0.1) 

.008(0.2) 

. 110 ( 2 . 8 ) 

MAX 


VIEW A 



a 0.07(0.18) 
MAX 

.027(0.68) 

MAX 


kfeinnnnnnnnnnn)- 


,.014(0.35) 


.091(2.3) 

. 102 ( 2 . 6 ) 


Detail of "A" part 

©1985 FUJITSU LIMITED F28011S-1C 


FUJITSU 

■ 


Dimensions in 
inches (millimeters) 



RilliginiNiiMiiii MB 84256-10 10L 10LL 
FUJITSU MB 84256-12 12L12LL 
: : MB 84256-15/15L/15LL 


PACKAGE DIMENSIONS 

(Suffix: CV) 


32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 



Dimensions in inches 
(millimeters) 

*Shape of Pin 1 index : Subject to change without notice 
©1985 FUJITSU LIMITED C32011S 
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MB84256A-70/70L/70LL 1 

FUJI 

■ r 

rsu 

CMOS 262.,144-BIT STATIC 

MB84256A-10/1GL/10LL 


RANDOM ACCESS MEMORY 

MB84256A-12/12L/12LL 

HI 

H 

« 

MB84256A-15/15L/15LL ||| 


TS256-B889 
Sept. 1988 


256K-BIT (32,768x8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB84256A is a 32,768-word by 8-bit static random 
access memory fabricated with a CMOS sillicon gate process. 
The memory utilizes asynchronous circuitry and may be main- 
tained in any state for an indefinite period of time. All 
pins are TTL compatible, and a single +5V power supply is 
required. 

The MB84256A is ideally suited for use in microprocesser 
systems and other applications where fast access time and 
ease of use are required. All devices offer the advantages 
of low power dissipation, low cost and high performance. 


• Organization : 32,768 x 8 bits 

• Fast access time : 70 ns max. (MB84256A-70/70L/70LL) 

100 ns max. (MB84256A-10/10L/10LL) 

120 ns max. (MB84256A-12/12L/12LL) 

150 ns max. (MB84256A-15/15L/15LL) 

• Completely static operation: No clock required 

• TTL compatible inputs /outputs 

• Three state outputs 

• Single +5V power supply, ±10% tolerance 

• Low power standby : 

CMOS level: 5.5 mW max. (MB84256A-70/10/12/15) 

0.55 mW max. (MB84256A-70L/70LL/10L/10LL/ 
12L/12LL/15L/15LL) 

TTL level: 16.5 mW max. (MB84256A-70/70L/70LL/10/10L/ 

10LL/12/12L/12LL/15/15L/15LL) 

• Data retention: 2.0V min. 

• Standard 28-pin DIP (600mil) (Suffix: P) 

• Standard 28-pin DIP (300mil) (Suffix: P-SK) 

• Standard 28-pin Bend-type FPT (450mil) (Suffix: PF) 


ABSOLUTEMAXIMUM RATINGS (see note) 


Rating 

Symbol 

Value 

Unit 


■QS9II 

-0.5 to +7.0 

V 

Input Voltage 

VIN 

-0.5 to VCC+0.5 

V 

Output Voltage 

VI/0 

-0.5 to VCC+0.5 

V 

Temperature under Bias 

TBIAS 

-10 to +85 

°c 

Storage Temperature 

TSTG 

-40 to +125 

°c 





PLASTIC PACKAGE 
DIP-28P-M02 



PLASTIC PACKAGE 
DIP-28P-M04 



PLASTIC PACKAGE 
FPT-28P-M02 


PIN 

ASSIGNMENT 

a 14 C 

1 

28 

□v C c 

a i 2Z 

2 

27 

□we 

A 7l 

3 

26 

□ A 13 

A 6C 

4 

25 

□ A 8 

A sC 

5 

24 

□ A 9 

A *C 

6 

23 

□ A 11 

A 3Z 

7 

22 

□ 06 

A 2— 

8 


U A 10 

A 1'I 

9 

20 

□ cs 

A o~ 

10 

19 

□ i/0 8 

I/O, [I 

11 

18 

□ I/O, 

i/o a I 

12 

17 

□ </0 6 

1/O3C 

13 

16 

□ i/0 5 

gndI 

14 

15 

□ l/0 4 







NOTE: Permanent device damage may occur if A8SOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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IlllligiUlllll MB84256A-70/70L/70LL 
FI I ITT^II MB84256A-10/10L/10LL 
rujiiou MB8 4256A~12/12L/12LL 


MB 8425 6 A BLOCK DIAGRAM 


ADDRESS 

BUFFER 


256 x 128 x 8 
MEMORY CELL ARRAY 





ADDRESS 

BUFFER 

* 

• 

• 




I/O GATE & 
COLUMN DECODER 




DATA I/O BUFFER 


I/Ol 1/03 1/05 I 

1/02 1/04 1/06 


Not Selected 


DOUT Disable 


Read 


Write 


SUPPLY 

CURRENT 


ISB 


ICC 


ICC 


ICC 


I/O PIN 



CAPACITANCE (ta=25°c, f=iMHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

I/O Capacitance (VI/0=OV) 

CI/O 



8 

PF 

Input Capacitance (VIN=OV) 



■ ■ 

HHEHHH 

PF 
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FUJITSU 


MB84256A-70/70L/70LL 

M884256A-10/10L/10LL 

MB84256A-12/12L/12LL 

MB84256A-15/15L/15LL 


RECOMMENDED OPERATING CONDITION 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 


VCC 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

TA 

0 


70 



DC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


Parameter 

Symbol 

MB84256A- 

70/10/12/15 

MB 8 425 6 A- 7 0L/ 7 0LL 
/10L/10LL/12L 
/12LL/15L/15LL 

Unit 

Test Condition 



WKBSm 

Max 

Standby Supply 
Current 



1 




CS>VCC-0.2V 



3 


3 


CS=VIH 

Active Supply 

Current 

ICC1 


55 


55 


VIN=VIH or VIL 
CS=VIL, IOUT=0mA 

Operating 

Supply 

Current 

-70 

u 


80 


80 

□ 

Cycle=Min. 

Duty=100% 

I0UT=0mA 

-10/12/15 


70 


70 

Input Leakage 

Current 


-1 

1 

-1 

1 

1 

VIN=0V to VCC 

Output Leakage 
Current 

BQ 

D 


-1 

1 

pA 

VI/0=0V to VCC 
CS=VIH 

0E=VIH or WE=VIL 

Input High Voltage 






V 


Input Low Voltage 

VIL 


0.8 

-3.0 * 

0.8 

V 


Output High Voltage 

VOH 

2.4 


2.4 


V 

I0H=-1 . 0mA 

Output Low Voltage 

VOL 


0.4 


0.4 

V 

I0L=2 . 1mA 


Note: All voltages are referenced to GND. 

*: -3.0V min. for pulse width less than 20 ns. (VIL min. = -0.3V at DC level.) 


Fig. 2 - AC TEST CONDITIONS 


• Input Pulse Levels: 0.6V to 2.4V 

• Input Pulse Rise & Fall Times: 

5ns (Transient between 0.8V and 2.2V) 

• Timing Reference Levels 

Input: VIL=0 . 8V, VIH=2.2V 

Output: VOL=0.8V, V0H=2.0V 

• Output Load 


* Including Jig and stray capacitance 



R1 

R2 

CL 

Parameters Measured 

Loadl 

1.8KS 

9902 

lOOpF 

except tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 

Load2 

1.8KS2 

990Q 

5pF 

tCLZ , tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 


d out 

( 1 / 0 ) 




C L* -r 


’ +5V 

; Hi 

> r 2 
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MB84256A-7 0/70L/7 0 L L 
MB84256A-10/10L/10LL 
MB84256A-12/12L/12LL 
MB84256A-15/15L/15LL 


AC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 
READ CYCLE *1 


Parameter 

Symbol 

MB84256A- 

70/70L/70LI 

MB84256A- 

10/10L/10LL 

MB84256A- 

12/12L/12LL 

MB 8425 6 A- 
15/15L/15LL 

Unit 

BE 39 I 


HSS 3 

KEE 3 

■icn 

PSB 9 I 

■»H 1 

BEEEI 

Read Cycle Time 

tRC 

70 


»»>m 






_ 

ns 




70 


n 


■HiB 


■Mil 

ns 

CS Access Time *3 

tACS 

P| 

70 


100 


| 

■ 

150 

ns 

Output Enable to 

Output Valid 



35 


40 


O 

■ 


ns 

Output Hold from 
Address Change 


20 


20 

P| 

20 

■ 

uji 

m 

ns 


tCLZ 

10 

■ 

10 

11 

10 

M 

IB 

m 

ns 

Output Enable to 

Output Low-Z *4*5 

tOLZ 

5 


5 


5 


5 


ns 


tCHZ 


25 


40 


40 


50 

ns 

Output Enable to 

Output High-Z *4*5 

tOHZ 


25 


40 

■ 

40 


50 

ns 


READ CYCLE TIMING DIAGRAM *1 


READ CYCLE 1: ADDRESS CONTROLLED *2 


ADDRESS 


DOUT 


X 


tRC- 


X 


1 

u= 

« tOH ^ 

- tAA 

1 

PREVIOUS DATA VALID ' 

X X X X 

‘ DATA VALID 





READ CYCLE 2: CS CONTROLLED *3 


ADDRESS 


CS 


OE 


DOUT 



Note: *1 
*2 
*3 
*4 
*5 


WE is high for Read cycle. _ __ 

Device is continuously selected, CS=OE=VIL. 

Address valid prior to or coincident with CS transition low. 

Transition is measured at the point of ±5Q0mV from steady state voltage. 
This parameter is specified with Load 2 in Fig. 2. 
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Ill MB84256A-70/70L/70LL 
FI! ITTQII MB84256A-10/10L/10LL 
ffl MB84256A-12/12L/12LL 
III MB84256A-15/15L/15LL 


WRITE CYCLE *1*2 


Parameter 

Symbol 

MB84256A- 

70/70L/70LL 

MB84256A- 

10/10L/10LI 

MB84256A- 

12/12L/12LI 

MB84256A- 

15/15L/15LI 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time *3 

twc 

70 


100 


120 


150 


ns 

Address Valid to 

End of Write 

tAW 

50 


80 


85 


100 


ns 

Chip Select to 

End of Write 

tew 

50 


80 


85 


100 


ns 

Data Valid to 

End of Write 

tDW 

25 


40 


45 


50 


ns 

Data Hold Time 

tDH 

0 


0 


0 


0 


ns 

Write Pulse Width 

tWP 

50 


60 


70 


90 


ns 

Address Setup Time 

tAS 

0 


0 


0 


0 


ns 

Write Recovery Time 

*4 

tWR 

5 


5 


5 


5 


ns 

yg to Output Low-Z 

*5*6 

tWLZ 

5 


5 


5 


5 


ns 

to Output High-Z 

*5*6 

tWHZ 


25 


40 


40 


50 

ns 


WRITE CYCLE TIMING DIAGRAM *1*2 


WRITE CYCLE 1: WE CONTROLLED 


ADDRESS 

OE 

CS 

WE 

DIN 

DOUT 



Note : *1 


*2 


*3 


*4 

*5 

*6 


If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. __ 

If CS goes high simultaneously with WE high, the output remains in high 
impedance state . 

All write cycle are determined from last address transition to the first 

address transition of the next address . 

tWR is defined from the end point of WRITE Mode. 

Transition is measured at the point of ±500raV from steady state voltage. 
This parameter is specified with Load 2 in Fig. 2. 
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11 

FUJITSU 

III 


MB84Z56A— 70/70L/70LL 
MB84256A-10/10L/10LL 
MB84256A-12/12L/12LL 
MB84256A-15/15L/15LL 


WRITE CYCLE TIMING DIAGRAM *1*2 


WRITE CYCLE 2: CS CONTROLLED 


ADDRESS 


OE 


CS 


WE 


DIN 


DOUT 



Note : *1 


*2 

*3 

*4 

*5 

*6 


If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. __ 

If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

All write cycle are determined from last address transition to the first 

address transition of the next address . 

tWR is defined from the end point of WRITE Mode. 

Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load 2 in Fig. 2. 
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FUJITSU 


MB84256A-70/70L/70LL 

MB84256A-10/10L/10LL 

MB84256A-12/12L/12LL 

MB84256A-15/15L/15LL 


DATA RETENTION CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


Parameter 

Symbol 

Min 


Max 

Unit 

Data Retention Supply Voltage *1 

VDR 

2.0 


5.5 

V 

Data Retention 
Supply 

Current *2 

MB84256A-70/10/12/15 

IDR 



1.0 

mA 

MB84256A-70L/10L/12L/15L 


1.0 

50 

yA 

MB 8 425 6 A- 7 OLL / 1 OLL/ 1 2LL / 1 5 LL 


1.0 

HfflUrfr 1 

Data Retention Setup Time 

tDRS 

0 



ns 

Operation Recovery Time 

tR 

tRC 



ns 


Note: *1 CS>VDR-0.2V_ 

*2 VDR=3 . OV , CS>VDR-0 . 2V 
*3 VDR=3.0V, TA=40°C 


DATA RETENTION TIMING 


DATA RETENTION 


Data Retention Mode 
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PACKAGE DIMENSIONS 

(Suffix: P) 


28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M02) 




© 1986 FUJITSU LIMITED D28006S-2C 


Dimensions in 
inches (millimeters) 





PACKAGE DIMENSIONS 

(Snffix: P-SK) 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M04) 



©1986 FUJITSU LIMITEO O28018S-2C Dimensions in 

inches (millimeters) 
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FUJITSU 


MB84256A-70/70L/70LL 

MB84256A-10/10L/10LL 

MB84256A-12/12L/12LL 

MB84256A-15/15L/15LL 


PACKAGE DIMENSIONS 

(Suffix: PF) 

28-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-28P-M02) 




INDEX 

(/ 

t 

.339± 

(8.6± 

B H H H H a H H H H B B 


■ 669 !:Sil < l7 - 75 !S:2 5 > 



0(0)MIN 



J 


(STAND OFF) 








.402: 

(10.2: 

i.012 

t0.3) 

-- 






n 

J 

.006 ±.002 
(0.15±0.05) 


.1 10(2.8)MAX 


/ a r~r 

mWDUUT 

Tnnnro t 

.050(1. 27)TYP 

.01 8 ±.004 
(0.45±0.1) 


,096±.006 

(2.45±0.15) 


© 1987 FUJITSU LIMITED F2801 1S-2C 


View "A” 



.008(0.18) 

MAX 

.027(0,68) 

MAX 


Dimensions in 
inches (millimeters) 
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DATA SHEET 


FUJITSU 


MB84F256-25 

CMOS 256 K BIT LOW POWER SRAM 


32,768-WORD x 8-BIT FULL CMOS STATIC RANDOM 
ACCESS MEMORY WITH DATA RETENTION 

The Fujitsu MB84F256 is a 32,768-word by 8-bit static random access memory. Fabricated 
with full CMOS circuit, MB84F256 realizes extremely low data retention current compared with 
that of MB84256, which can allows MB84F256 to use non-volatile memory using a back up 
battery. 

The MB84F256 has 600mil 28-pin plastic DIP package and 28-pin plastic SOP package as 
package option. 

The device suits for application where, low and wide supply voltage and low power 
comsumption are required. 


• Organization: 32,768 words x 8 bits 

• Static operation: No clocks or refresh required 

• Fast access time: 

250ns max. @Vcc=5V 
2000ns max. @Vcc=3V 

• Low power comsumption: 

Vcc=3V : 5.0|iA (CMOS standby) 
0.5mA (TTL standby) 
20mA (Active) 

Vcc=5V: lOpA (CMOS standby) 
2mA (TTL standby) 
40mA (Active) 

• Data retention voltage: 2.0V min. 

• Full CMOS 

• 600 mil width 28-pin plastic DIP package (Suffix: -P) 

• 450 mil width 28-pin plastic SOP package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 


Supply Voltage 


-0.5 to +7.0 

m 

Input Voltage on any pin with to GND 


-0.5 to VCC+0.3 

V 

Output Voltage on any pin with to GND 


-0.5 to VCC+0.3 

V 

Power Dissipation 

Pd 

1.0 

w 

Output Current 

lOUT 

±20 

Msa 

Temperature under Bias 

Tbias 

-10 to +85 

wm 

Storage Temperature 

Tstg 

-40 to +125 

°c 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



PIN ASSIGNMENT 

(TOP VIEW) 


A14 

c= 

1 

28 

A12 

IZ 

2 

27 

A7 

c= 

3 

26 

A6 

IZ 

4 

25 

A5 

c 

5 

24 

A4 

IZ 

6 

23 

A3 

cz 

7 

22 

A2 

cz 

8 

21 

A1 

cz 

9 

20 

A0 

IZ 

10 

19 

l/OI 

cz 

11 

18 

1/02 

IZ 

12 

17 

1/03 

cz 

13 

16 

GND 

cz 

14 

15 


Z3 vcc 
Zl WE 
Z3 A13 

□ A8 

□ A9 

□ All 
Z) OE 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 FUJITSU LIMITED 























MB84F256-25 



CAPACITANCE (ta=25°c, f=iMHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

I/O Capacitance (VI/0=0V) 




8 

pF 

Input Capacitance (VIN=0V) 

CIN 



7 

& 
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MB84F256-25 


RECOMMENDED OPERATING CONDITION 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

VCC 

2.2 

3.0 

3.6 

V 

4.0 

5.0 

5.5 

Ambient Temperature 

TA 

0 


70 

°C 


DC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


Parameter 

Symbol 

Supply 

Voltage 

VCC (V) 

Min 

Max 

Unit 

Condition 


ISB1 

2.2V to 3.6V 


5.0 

pA 

CS>VCCx0 . 9V 

Standby Supply 

4.0V to 5.5V 






0.5 

mA 

CS=VIH 




2.0 

Active Supply 

XCC1 

2.2V to 3.6V 


5.0 

mA 

VIN=VIH or VIL 

Current 

4.0V to 5.5V 


10.0 

I0UT=0mA, CS=VIL 

Operating Supply 

ICC2 

2.2V to 3.6V 


20.0 

mA 

Cycle^Min 

Current 

4.0V to 5.5V 


40.0 


InputnLeakage 

ILI 

2.2V to 3.6V 


0.5 

pA 

VIN=0V to VCC 

Current 

4.0V to 5.5V 


1.0 

Output Leakage 

ILI/0 

2.2V to 3.6V 


0.5 

pA 

VI/0=0 to VCC ,CS=VIH 

Current 

4.0V to 5.5V 


1.0 

0E=VIH or WE=VIL 

Input High 

VIH 

2.2V to 3.6 V 

VCCxO . 8 

VCC+0 . 3 

\7 


Voltage 

4.0V to 5.5V 

2.2 

VCC+0 . 3 

V 


Input Low 

VIL 

2.2V to 3.6V 

-0.3 

0.3 

\7 


Voltage 

4.0V to 5.5V 

-0.3 

0.6 

V 


Output High 

VOH 

2.2V to 3.6V 

2.0 



I0H=-0 . 5mA 

Voltage 

4.0V to 5.5V 

2.4 


V 

I0H=-1 . 0mA 

Output Low 

VOL 

2.2V to 3.6V 


0.3 

\T 

I0L= 1.0mA 

Voltage 

4.0V to 5.5V 


0.4 

V 

I0L= 2.1mA 


Note: All voltages are referenced to GND. 


3-37 

























MB84F256-25 


AC CHARACTERISTICS TEST CONDITIONS 


Parameter 

Supply Voltage 
VCC (V) 

Conditions 

Input Pulse Level 

2.2V to 3.6V 

VIH=VCC, VIL=0V 

4.0V to 5.5V 

VIH=2 . 4V, VIL=0 . 5V 

Input Pulse 

Rise & Fall Times 

2.2V to 3.6V 

5 ns (Transient between 0.3V and VCCx0.8) 

4.0V to 5.5V 

5 ns (Transient between 0.7V and 2.2V) 

Timing Reference 
Level 

2.2V to 3.6V 

Input: VIH=VCCx0 . 8 , VIL=0.3V 

Output: V0H=VCCx0 . 7 , VOL=0.4V 


Input: VIH=2 . 2V, VIL=0 . 7V 

Output: V0H=2.2V, VOL=0.8V 

Output Load 

2.2V to 3.6V 

VL=3 . 0V 

4.0V to 5.5V 

VL=5 . 0V 


Fig. 2 - AC TEST CONDITIONS 


DQUT 

(I/O) 



* Including Jig and stray capacitance. 


HHH 

R1 

IrEM 

CL 

Parameters Measured 

Loadl 

1.8KJ2 


lOOpF 

except tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 




■ESI 

tCLZ, tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 
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MB84F256-25 


AC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


READ CYCLE *1 


Parameter 

Symbol 

VCC= 

2.2V to 3.6V 


Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 





ns 

Address Access 

Time *2 

tAA 


2000 


250 

ns 

CS Access Time *3 

tACS 


2000 


250 

ns 

Output Enable to 
Output Valid 

tOE 




100 

ns 

Output Hold from 
Addresss Change 

tOH 

100 


50 


ns 

OS to Output Low-Z 

*4*5 

tCLZ 

70 


30 


ns 

Output Enable to 
Output Low-Z *4*5 

tOLZ 

100 


20 


ns 

CS bo Output High-Z 
*4*5 

tCHZ 

40 

100 

5 

50 

ns 

Output Enable to 
Output High-Z *4*5 

tOHZ 


100 


50 

ns 


Note: *1 WE is high for Read cycle. __ _ 

*2 Device is continuously selected, CS=OE=VIL . 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the following points from steady state voltage. 

• VCC=2.2V to 3.6V : ±200mV 

• VCC=4.0V to 5.5V : ±500mV 

*5 This parameter is specified with Load 2 in Fig. 2. 
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MB84F256-25 


READ CYCLE TIMING DIAGRAM *1 
READ CYCLE 1: ADDRESS CONTROLLED *2 

ADDRESS 


M 


tRC- 




l 

« tOH ^ 

— *■ 


PREVIOUS DATA VALID ; 

x x x >i 

; DATA VALID 


READ CYCLE 2: CS CONTROLLED *3 

ADDRESS 

CS 


OE 

DOUT 



Note: *1 W is high for Read cycle. __ 

*2 Device is continuously selected, C~S=0E=VIL. 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the following points from steady state voltage. 

• VCC=2.2V to 3.6V : ±200mV 

• VCC=4.0V to 5.5V : ±500mV 

*5 This parameter is specified with Load 2 in Fig. 2. 
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MB84F256-25 


AC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 
WRITE CYCLE *1*2 


Parameter 

Symbol 


VCC= 

4.0V to 5.5V 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time *3 

twc 





ns 

Address Valid to 

End of Write 

tAC 

1500 




ns 

Chip Select to 

End of Write 

tew 

1500 


200 


ns 

Data Valid to 

End of Write 

tDW 

800 


100 


ns 

Data Hold Time 


0 


0 


ns 

Write Pulse Width 

tWP 

1000 




ns 

Address Setup Time 

tAS 

0 


0 


ns 

Write recovery Time 
*4 

tWR 

0 


0 


ns 

r=T to Output Low-Z 
w *5*6 

tWLZ 

30 


10 


ns 

r=r to Output High-Z 

W *5*6 

tWHZ 


100 


50 

ns 


Note : *1 

*2 

*3 

*4 

*5 

*6 


If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. ^ 

If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

All write cycle are determined from last address transition to the first 

address transition of the next address. 

tWR is defined from the end point of WRITE Mode. 

Transition is measured at the following points from steady state voltage. 

• VCC=2.2V to 3.6V : ±200mV 

• VCC=4 . OV to 5.5V : ±500mV 

This parameter is specified with Load 2 in Fig. 2. 
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MB84F256-25 


AC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


WRITE CYCLE TIMING DIAGRAM *1*2 



Note: *1 If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. __ 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address . 

*4 tWR is defined from the end point of WRITE Mode. 

*5 Transition is measured at the following points from steady state voltage. 

• VCC=2.2V to 3.6V : ±200mV 

• VCC=4.0V to 5.5V : ±500mV 

*6 This parameter is specified with Load 2 in Fig. 2. 


3-42 





MB84F256-25 


AC CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 
WRITE CYCLE TIMING DIAGRAM *1*2 


WRITE CYCLE 2: CS CONTROLLED 



: Undenfined 


Note: *1 If OE, CS are in the READ Mode during this period, I/O pins are in the 
output state so that the input signals of opposite phase to the outputs 
must not be applied. __ 

*2 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*3 All write cycle are determined from last address transition to the first 
address transition of the next address. 

*4 tWR is defined from the end point of WRITE Mode. 

*5 Transition is measured at the following points from steady state voltage. 

• VCC=2 . 2V to 3.6V : ±200mV 

• VCC=4.0V to 5.5V : ±500mV 

*6 This parameter is specified with Load 2 in Fig. 2. 




MB84F256-25 


DATA RETENTION CHARACTERISTICS 

(Recommended operating conditions otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Data Retention Supply Voltage *1 

VDR 

1.1 

5.5 

V 

Data Retention Supply Current *2 

IDR 


1.0 

pA 

Data Retention Setup Time 

tDRS 

0 


ns 

Operation Recovery Time 

tR 

tRC *3 


ns 


Note : *1 VDR+0 . 3V>CS>VDRxO . 9 

*2 VDR=1 . 8 V , VDR>CS>VDRxO . 9 
*3 tRC: Read Cycle 


DATA RETENTION TIMING 


DATA RETENTION 


VCC 


CS 


VCCxO . 8 V 

tDRS ~ 9 




Data Retention Mode 


VDR 


VDR+0 . 3V>CS>VDRxO . 9V 


VCCxO . 8 V 

6 tR — 


VCCxO . 8 V* 


VCCxO . 8 V* 


* VIH=2.2V min. at VCC=4.0V to 5.5V 
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MB84F256-25 


PACKAGE DIMENSIONS 

(Suffix: P) 


28-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28P-M02) 



Dimensions in 

® 1908 FUJITSU LIMITED D2B006S-2C inch* (mHmtere) 
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MB84F256-25 


PACKAGE DIMENSIONS 

(Suffix: PF) 


28-LEAD PLASTIC FLAT PACKAGE 
(CASE No.: FPT-28P-M02) 



T\ 


4l4l4l4l4l4K4l4l4l4l4l4H4Ett; 


foT • 004 (Q.Tor 

.650(16.51) REF — 


© 1988 FUJITSU LIMITED F28011S-3C 


.110(2.80) MAX 


(SEATED HEIGHT) 
0(0) MIN 


PU 


(STAND OFF) 


.402 ±01 2 
(10.20±0.30) 




¥ 


031 ±.008 
(0.80±0.20) 


.006 ±002 


(0.15_±CMD5)_ 

Details of "A” part 

[ .008(0.20) 



' .024(0.60) 
.007(0.18) 


MAX 

.027(0.68) 


_ _ J 


Dimensions in 
inches (millimeters) 


3-46 







TS279-A89X 
Oct. 1989 


1M-BIT (131,072x8) CMOS STATIC RANDOM ACCESS 
MEMORY WITH DATA RETENTION AND LOW POWER 

The Fujitsu MB841000 is a 131,072-word x 8-bit static random 
access memory fabricated with a CMOS sillicon gate process. 
The memory utilizes asynchronous circuitry and may be main- 
tained in any state for an indefinite period of time. All 
pins are TTL compatible, and a single +5V power supply is 
required. 

The MB841000 is ideally suited for use in microprocesser 
systems and other applications where fast access time and 
ease of use are required. All devices offer the advantages 
of low power dissipation, low cost and high performance. 


• Organization : 131,072 x 8 bits 

• Fast access time : 80 ns max. (MB841000-80/80L) 

100 ns max. (MB841000-10/10L) 

120 ns max. (MB841000-12/12L) 

• Complete static operation: No clock required 

• TTL compatible inputs /outputs 

• Three state outputs 

• Single +5V ±10% power supply 

• Low power standby : 

CMOS level: 5.5 mW max. (MB841000-80/10/12) 

1.1 mW max. (MB841000-80L/10L/12L) 

TTL level : 16.5 mW max. (MB841000-80/80L/10/10L/12/12L) 

• Data retention: 2.0V min. 

• Standard 32-pin DIP (600mil) (Suffix: P) 

• Standard 32-pin FPT (525mil) (Suffix: PF) 


ABSOLUTE MAXIMUM RATINGS (See note) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

VCC 

-0.5 to +7.0 

V 

Input Voltage 

VIN 

-0.5 to VCC+0.5 

V 

Output Voltage 

VI/0 

-0.5 to VCC+0.5 

V 

Temperature under Bias 

TBIAS 

-10 to +85 

6 C 

Storage Temperature 

TSTG 

-40 to +125 

6 C 



PIN 

ASSIGNMENT 



TOP VIEW 








NCC 

1 


32 

□ VCC 

A16C 

2 


31 

□ A15 

A14C 

3 


30 

□ CS2 

A12C 

4 


29 

□ WI 

A7C 

5 


28 

□ A13 

A6C 

6 


27 

□ A8 

A5C 

7 


26 

□ A9 

A4C 

8 


25 

□ All 

A3 C 

9 


24 

□ 51 

A2C 

10 


23 

□ A10 

Aid 

11 


22 

p55l 

A0C 

12 


21 

□ 1/08 

I/Old 

13 


20 

□ 1/07 

1/02 C 

14 


19 

□ 1/06 

1/03 C 

15 


18 

□ 1/05 

GNDC 

16 


17 

□ 1/05 








NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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HlfllffllH HB841000-80/80L 
FUJITSU MB841000-10/10L 
lliillllllill MB841000-12/12L 
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IHlIilBlin MB841000-80/80L 
FUJITSU MB841000-10/10L 
illlllllllDllllll MB841000-12/12L 


RECOMMENDED OPERATING CONDITION (Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

VCC 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

TA 

0 


70 

°C 


FUNCTION TRUTH TABLE 


CS1 

CS2 


WE 

MODE 

SUPPLY 

CURRENT 

I/O PIN 

H 

X 

X 

X 

Not Selected 

ISB 

High-Z 

X 

L 

X 

X 

Not Selected 

ISB 

High-Z 

L 

H 

H 

H 

DOUT. Disable 

ICC 

High-Z 

L 

H 

L 

H 

Read 

ICC 

DOUT 

L 

H 

X 

L 

Write 

ICC 

DIN 


CAPACITANCE (ta=25°c, f=iMHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

I/O Capacitance (VI/0=0V) 

CI/0 



10 

pF 

Input Capacitance (VIN=0V) 

CIN 



8 

pF 
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IlllilllllliHIl MB841000-80/80L 
FUJITSU MB841000-10/10L 
MB841000-12/12L 


DC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

MB841000 

-80/10/12 

MB841000 

-80L/10L/12L 

Unit 

mttm 

Max 

Min 

Max 

Standby Supply 
Current 

CS2<0.2V or 
CS1>VCC-0.2V 
(with CS2<0.2V 
or CS2>VCC-0.2V) 

ISB1 

■ 

1 


0.2 

mA 

CS1=VIH or CS2=VIL 

ISB2 


3 


3 

mA 

Active Supply 
Current 

VIN=VIH or VIL, 
CS1=VIL, CS2=VIH 
IOUT=0mA 

ICC1 

| 

5 

■ 

5 

mA 

Operating Supply 
Current 

Cycle=Min. 

Duty=100%, IOUT=0mA 

ICC2 


80 


80 

mA 

Input Leakage 
Current 

VIN=0V to VCC 


-I 

1 

ma 

1 

yA 

Output Leakage 
Current 

VI/0=OV to VCC 
CS1=VIH or CS2=VIL 
or 0E=VIH or WE=VIL 


-2 

2 

B 

2 

pA 

Input High 

Voltage 


VIH 

2.2 





Input Low 

Voltage 


VIL 

-0 . 3* 

0.8 

-0 . 3* 

0.8 

V 

Output High 
Voltage 

I0H=-1 . 0mA 

V0H 

2.4 


m 


V 

Output Low 

Voltage 

I0L=2 . 1mA 

VOL 


0.4 


0.4 

V 


Note: All voltages are referenced to GND . 

*: -3.0V min. for pulse width less than 20 ns. (VIL min. = -0.3V at DC level.) 


Fig. 2 - AC TEST CONDITIONS 


Output Load 


Dqut 

(I/O) 




• Input Pulse Levels: 0.6V to 2.4V 

• Input Pulse Rise & Fall Times: 

5ns (Transient between 0.8V and 2.2V) 

• Timing Reference Levels 

Input: VIL=0 . 8V, VIH=2.2V 

Output : V0L=0 . 8 V , V0H=2 . 0V 


* Including Jig and stray capacitance 



R1 

R2 

CL 

Parameters Measured 

Loadl 

1.8KB 

330 ft 

lOOpF 

except tCLZ , tOLZ, tCHZ, tOHZ, tWLZ and tWHZ 

Load2 

1.8KB 

330ft 

5pF 

tCLZ , tOLZ, tCHZ , tOHZ , tWLZ and tWHZ 
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iillllinnilllllllll! MB841000-80 /80L 
FUJITSU MB841000-10/10L 
1111 MB841000-12/12L 


AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
READ CYCLE *1 


Parameter 

Symbol 

MB841 000-80/ 80L 

MB841 000-10/ 101 

MB841000-12/12L 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

80 


100 


120 


Rm 

Address Access Time 

tAA 


80 


100 


120 

HQRj 

CS1 Access Time 

tACl 


80 


100 


120 

ns 

CS2 Access Time 

tAC2 


80 


100 


120 

ns 

Output Enable to 
Output Valid 

tOE 


35 


40 


50 

ns 

Output Hold from 
Address Change 

tOH 

10 


10 


10 


ns 

Chip Select to 

Output Low-Z *2*3 

tCLZ 

10 


10 


10 


ns 

Output Enable to 
Output Low-Z *2*3 

tOLZ 

5 


5 


5 


ns 

Chip Select to 

Output High-Z *2*3 

tCHZ 


30 


35 


40 

ns 

Output Enable to 
Output High-Z *2*3 

tOHZ 


30 


35 


40 

ns 


Note: *1 WE is high for Read cycle. 

*2 Transition is measured at the point of ±500raV from steady state voltage. 
*3 This parameter is specified with Load 2 in Fig. 2. 






































mirnm MB841000-80/80L 

FUJITSU HB841000-10/10L 

Illllllllllilllll MB841000-12/12L 


AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
READ CYCLE TIMING DIAGRAM *1 


READ CYCLE 1: ADDRESS CONTROLLED *2 



^ tRC 


ADDRESS T 

< * 

t 

* 


U +- A A 

i ; 


e tOH H 



DOUT PREVIOUS DATA VALID " 

ax)i 

‘ DATA VALID 


READ CYCLE 2: CS1, CS2 CONTROLLED *3 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS1=QE=VIL , CS2=VIH. 

*3 Address valid prior to or coincident with CS1 transition low, CS2 transi- 
tion high. 
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ntiininiiiiiiiiiiuiHiuiMiin MB841000-80/80L 
FUJITSU MB841000-10/10L 
Illliaillllllllllilllll MB841000-12/12L 


AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
WRITE CYCLE *1*2 


Parameter 

Symbol 

MB841000-80/80L 

MB 841 00 0-1 0/1 01 

MB841000-12/12I 

Unit 

Min 

Max 

Min 

Max 

Min 

Max 

Write Cycle Time *3 

twc 

80 


100 


120 


ns 

Address Valid to 

End of Write 

tAW 

60 


80 


85 


ns 

Chip Select to 

End of Write 

tew 

60 


80 


85 


ns 

Data Valid to 

End of Write 

tDW 

30 


40 


45 


ns 

Data Hold Time 

tDH 

0 


0 


0 


ns 

Write Pulse Width 

tWP 

50 


60 


70 


ns 

Address Setup Time 

tAS 

0 


0 


0 


ns 

Write Recovery 

Time *4 

tWR 

5 


5 


5 


ns 

Write Enable to 
Output Low-Z *5*6 

tWLZ 

5 


5 


5 


ns 

Write Enable to 
Output High-Z *5*6 

tWHZ 


30 


35 


40 

ns 


Note : *1 


*2 


*3 

*4 

*5 

*6 


If OE, CS1 and CS2 are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. _____ 

If CS1 goes high or CS2 goes low simultaneously with WE high, the output 
remains in high impedance state. 

All write cycle are determined from last address transition to the first 

address transition of the next address. 

tWR is defined from the end point of WRITE Mode. 

Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load 2 in Fig. 2. 



MB841000-80/80L 

MB841Q0G-10/10L 

MB841000-12/12L 


AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


WRITE CYCLE TIMING DIAGRAM *1*2 



IX XI : Undefined 


Note: *1 Ijf OE, CS1 and CS2 are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 

*2 If CS1 goes high or CS2 goes low simultaneously with WE high, the output 
remains in high impedance state. 
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AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE 2: CS1 CONTROLLED *1 



Note: *1 If OE, CS2 and WE are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 
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llllillil MB841000-80/80L 
FUJITSU MB841000-10/10L 

1111111111111 MB841000-12/12L 


AC CHARACTERISTICS (Recommended operating conditions unless otherwise noted.) 
WRITE CYCLE TIMING DIAGRAM 


WRITE CYCLE 3: CS2 CONTROLLED *1 



Note: *1 If OE, CS1 and WE are in the READ Mode during this period, I/O pins are 
in the output state so that the input signals of opposite phase to the 
outputs must not be applied. 
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IIIIIIIIIIIDIIIIII MB841000-80/80L 

FUJITSU MB841000-10/10L 

111111111111 MB841000-12/12L 


DATA RETENTION CHARACTERISTICS 

(Reconnnended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Typ 

Max 


Data Retention Supply Voltage 

VDR 

2.0 


5.5 

n 

Data Retention 
Supply Current *1 

MB841 000-80/ 10/ 12 

IDR 



0.5 


MB841000-80L/10L/12L 



0.1 *2 

wm 

Data Retention Setup Time 

tDRS 

0 



ns 

Operation Recovery Time *2 

tR 

tRC 



ns 


Note: *1 VCC=VDR=3 . OV 

CS1>VDR-0.2V, CS2>VDR-0.2V or CS2<0.2V (at CS1 CONTROLLED) 
CS2<0.2V (at CS2 CONTROLLED) 

*2 tRC: Read Cycle Time 


DATA RETENTION TIMING 







■■■ MB841000-80/80L 
FUJITSU MB841000-10/10L 

iilllllllllllll MB841000-12/12L 


PACKAGE DIMENSIONS 

(Suffix: P) 

32-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(Case No. : DIP-32P-M0I) 




©1988 FUJITSU LIMITED D32007S-1C inches (millimeters) 
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Low Power CMOS SRAMs 


Static RAM Data Book 
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Section 4 


Application Specific SRAMs — At a Glance 

Maximum 

Access Package 

Page Device Time (ns) Capacity Options 


4-03 

MB81C51-25 

-30 

4-19 

MB81C79B— 35 
-45 

4—31 

MB8279RT-20 

-25 

4-43 

MB8287-25 

-35 

4-55 

MB8421-90/L 

-12/L 

MB8422-90/L 

-12/L 

4-69 

MB8431-90/L/LL 

-12/L/LL 

MB8432-90/L/LL 

-12/L/LL 


25 

2048 bits 

30 

512 x 4-way or 
1024 x 2-way 

35 

73728 bits 

45 

(8192w x 9b) 

20 

73728 bits 

25 

(8192w x 9b) 

25 

262144 bits 

35 

(32768w x 8b) 

90 

16384-bits 

120 

90 

120 

(2048w x 8b) 

90 

16384-bits 

120 

90 

120 

(2048w x 8b) 


64 -pin 

Ceramic 

PGA 

28-pin 

Plastic 

DIP, FPT 

32-pin 

Plastic 

DIP, FPT 

32-pin 

Plastic 

DIP, FPT 

48-pin 

Plastic 

DIP 

52-pin 

Plastic 

DIP 

64-pin 

Plastic 

FPT 

48-pin 

Plastic 

DIP 

52-pin 

Plastic 

DIP 

64-pin 

Plastic 

FPT 



Application Specific SRAM 


Static RAM Data Book 


-2 



FUJITSU 


CMOS TAG RANDOM 
ACCESS MEMORY 


MB81C51-25 

MB81C51-30 


CMOS TAG RANDOM ACCESS MEMORY 

The Fujitsu MB81C51 is 512 entry x 4 way/1024 entry x 2 way TAG Random Access 
Memory (TAG RAM) fabricated with a CMOS technology. 

MB81C51 has been developed aiming to be used in an easily handled cache system with 
the other DATA RAMs (ex. MB81C79A) . Especially this device offers the advantages on 
designing compact and high performance cache system which will be used In a system 
adopting 32-bit CPU. 


• Organization: 512 Entry x 4 Way or 

1024 Entry x 2 Way 

• Fast access time: 25/30 ns max from Address Inputs 

18 ns max from Compare Data Inputs 

• Power Consumption: HOOmWmax. 

• Single +5 V supply ±10% tolerance 

• TTL compatible inputs and outputs 

• LRU (Least Recently Used) Replacement Logic 

• Purge Function (All-purge & Partial-purge) 

• internal Parity Generator/Checker 

• 64 pin Pin-Grid- Array (Suffix: CR) 

• 68 pin Plastic LCC (Suffix: PD) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 


Input Voltage on any pin with 
respect to GND 

VlN 

-3.0 to +7.0 

H 

Output Voltage on any pin with 
respect to GND 

VOUT 

-0.5 to +7.0 

V 

Output Current 

lOUT 

±20 

mA 

Power Dissipation 

PD 

1.5 

W 

Temperature under Bias 

Tbias 

-10 to +85 

| 

Storage Temperature 

Ceramic 

Tstg 

-65 to +125 

| | 

Plastic 

-45 to +125 

mm 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure 
to absolute maximum rating conditions for extended periods may affect 
device reliability. 


November 1988 
Edition 1.0 



This device contains circuitry to protect the 
inputs against damage due to high static 
voltages or electric fields. However, it is 
advised that normal precautions be taken to 
avoid application of any voltage higher than 
maximum rated voltages to this high impedance 
circuit. 


Copyright ® 1988 FUJITSU LIMITED 
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FUJITSU 


MB81C51-25 

MB81C51-30 
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Fig. 2 - MB81C51 BLOCK DIAGRAM 2 


MB81C51-25 Fujitsu 
MB 81C51-30 lilR'IS 


MHENBL V nr s EXTH 


CELL 
ARRAY 
(TAG, V) 


COMPARE v 4 

& VALIDITY \ — 

CHECK I 




1 UPDATE I 

h CELL 


1 I 

v 6 ppp^ Ar^F 



j — \ • LATCH “ 

— r— ■ 

N LOGIC 


ISN n “ 


CAPACITANCE <ta = 2 5 °c 


(TA = 25°C, f = 1 MHZ) 


Parameter 

Symbol 

Input Capacitance (Vin = OV) 

ClN 


k5 
















PIN FUNCTION 































































































. i -:i: it!!? 

MB81C51-25 FUJITSU 
MB81C51-30 


PIN ASSIGNMENT 

7 6 5 4 3 2 1 68 67 66 



68 PIN PLCC( PLASTIC LEAD CHIP CARRIER) 

65 64 63 62 61 


27 28 29 30 31 32 33 34 35 36 37 38 39 40 41 42 43 


PIN FUNCTION (continued 













































































































MB81C51-25 

MB81C51-30 


wmmm 

FUJITSU 

wmmm 


PIN DESCRIPTION 

OUTPUTS 


INPUTS 


FUNCTION TABLE 

1) BASIC FUNCTION (Any combination except below are inhibited.) 



TAG Info. 

Control Info. 

LRU 





WRITE 

INVL 

TAG 

P bit 

V bit 

LRU 

L 

H 

X 

X 

X 

N-CNG 

N-CNG 

N-CNG 

N-CNG 

INHIBIT 3 

H 

H 

H 

X 

X 

N-CNG 


N-CNG 

N-CNG 

TAG READ 


H 

IT 



N-CNG 





H 

H 

IT 

L 

H 

TDO to TD1 9 

SET 

H 

UP-D 

TAG WRITE 

X 

L 

H 

X 

X 

UNDEFINED 

UNDEFINED 

L (All) 

INCLZ 

ALL PURGE 


H 

IT 

H 

L 

N-CNG 

N-CNG 

N-CNG/.L 2 

N-CNG 1 
or RUP-D 

PARTIAL PURGE 


X : “H” or “L" 

N-CNG : No Change INCLZ : INITIALIZE 

UP-D : Up Dated RUP-D : Reversively Updated 

1 . When SBLK = “L” and no-HIT, then LRU is no change (N-CNG). 

2. When SBLK = “L” and no-HIT. then V -Bit is no change (N-CNG). 

3. During INHIBIT mode, HIT and PERR outputs are “H” but the other outputs are “L". 


hTt 

HIT OUTPUT. “ NOR" OF HITO TO HIT3 

HCn/RCn 

CODED OUTPUTS OF HIT OR REPLACE INFORMATION ( n = 0 - 1 ) 

HITn/REPn 

UNCODED OUTPUTS OF HIT OR REPLACE INFORMATION ( n = 0 - 3 ) 

PERR 

PARITY ERROR 

mhTT 

HIT OUTPUT MODIFIED BY MHENBL AND EXTH 


MODE 

MODE SELECTION 

MODE = 1 : 512 Entry x 4 Way 

MODE = 0 : 1024 Entry x 2 Way 

A0-A9 

ADDRESS INPUTS (A9 is not used for 4 way) 

TDO-19 

TAG INFORMATION INPUTS 

PURGE 

ALL-PURGE TIMING PULSE 

INVL 

PARTIAL-PURGE. V-BIT FORCED TO “0”. 

LRU IS REVERSIVELY UPDATED 

SBLK 

ENABLE WAY-SELECTION EXTERNALLY AT REPLACEMENT AND INVALIDATION 

SBO, SB1 

EXTERNAL WAY-ADDRESS INPUTS 

WRITE 

WRITE CYCLE SIGNAL 

SET 

TIMING PULSE 

Write : Registrate TAG, V-bit “H”, LRU update 

Read : LRU updated 

PARTIAL PURGE : LRU reversively update, V-bit “L” 

INH 

ALL FUNCTIONS EXCEPT PURGE ARE INHIBITED 

H/R 

OUTPUT SELECTION 

H/R = 1 : Hit Information 

H/R = 0 : Replace Information 

RLATCH 

LATCH CONTROL FOR REPLACE INFORMATION 

PINV 

USE FOR “TESTING” ONLY (GENERALLY “H”) 

VINV 

USE FOR “TESTING” ONLY (GENERALLY “H") 

MHENBL 

ENABLE MHIT OUTPUT 

EXTH 

FORCE MHIT OUTPUT TO “L” 
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MB81C51-25 FUJITSU 
MB81C51-30 


2) OUTPUT PIN FUNCTION 



X: “H" or “L” 

1. Internal information, repO to rep3 are determined by on-chip LRU logic when SBLK = “L". When SBLK = “H”, the internal 
information are determined by external signal of SBO & SB1 . 

2. Correct o pera tion is not guaranteed if 2 ways or more become HIT at the same time. 

3. Output of HIT is valid when H/R = “H". 


3) PARTIAL PURGE (INVL = “L”) 



Note: Correct operation is not guaranteed if 2 ways or more become HIT at the same time. 
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MB81C51-25 

MB81C51-30 


4) PARITY ERROR & V-B1T 1 ( n : o to 3 ) 


pen 

vnO 

vnl 

PEn 

HIT Info. 2 

L 

L 

L 

L 

— 

L 

L 

H 

H 

HIT 

L 

H 

L 

H 

HIT 

L 

H 

H 

L 

HIT 

H 

L 

L 

L 

— 

H 

L 

H 

H 

HIT 

H 

H 

L 

H 

HIT 

H 

H 

H 

H 

HIT 


1. PERR is “NOR" of PEO to PE3 

2. Output information when internal “HIT" is valid. 


pen : Internal parity error of way “n" 
vnO/vnl : Duplicate validity bits. 

PEn : Determined by the following equation. 

PEn = (vnO + vnl) • pen + (vnO (+) vnl) 


BASIC FUNCTIONS 


TAG READ 

A comparison between the TAG input data (TDO-19) and the 
contents of the addressed location is p erfo rmed. If both data 
are the same, that is “FOUND". Then H!T will be “LOW” and 
outputs of HCn, HITn indicate hitted “Associative way”, in the 
case of “NOT-FOUND", the TAG RAM will specify the “way”, 
which should be replaced, by using the LRU logic automatically. 

The replacement information will be presented at the outputs of 
RCn and REPn by forcing the H/R input into “LOW”. These 
signals will be latched and used for the data Memory move-in 
operation. 

TAG WRITE 

When “NOT-FOUND" is occurred, the TAG-RAM also should 
be updated . Th e write operation is performed by WRITE 
“LOW” and SET pulse input. The TAG data will be written into 
the proper “way" by the internal LRU logic. 

TAG-WRITE mode, V-bit (Validity bit) and the parity are set, 
and LRU logic is updated. 

On the other hand, it will be able to specify the “way” 
externally by using SBLK, SBO and SB1 inputs. 


ALL PURGE 

By asserting PURGE input “LOW" , the V-bit are reset and LRU 
logic is initialized. 

In this operation, the contents of each TAG and its parity will 
not be identified. 

PARTIAL PURGE 

The partial purge operation is performed by INVL “LOW” and 
SET pulse input. 

The V-bit, which is specified by the address inputs, will be 
reset, and LRU logic will be reversively updated. 
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RECOMMENDED 0 

PERATIN 

GCOND 

TIONS (Referenced to GND) 

Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

VlL 

-0.5* 


0.8 

V 

Input High Voltage 

VlH 

2.2 


6.0 

V 

Ambient Temperature 

Ta 

0 


70 

°C 


Note: 

*-3.0V min. for pulse width less than 20ns. 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Max 

Unit 

Input Leakage Current 

VlN = 0 V to Vcc 

ILI 

-10 

10 

JiA 

Operating Supply Current 

Dout = Open, Cycle = min. 

Icc 


200 

mA 

Output Low Voltage 

Iol = 8mA 

VOL 


0.4 

V 

Output High Voltage 

Ioh = -4mA 

VOH 

2.4 


V 


4-11 

























llllllll 

FUJITSU 

■■■■ 


MB81C51-25 

MB81C51-30 


Fig. 3 - AC TEST CONDITION 


INPUT PULSE LEVELS 
INPUT PULSE RISE AND FALL TIMES 
TIMING REFERENCE LEVELS 
OUTPUT LOAD: 

5.0V 



0.0V to 3.0V 

5ns (Transient time between 0.8V and 2.2V) 

Input : 1.5V 
Output : 1.5V 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


TAG READ CYCLE (MODE«' , H !> or' l\ PURGE « “H p , WRITE * «H‘\ INVL*“H\ P1NV , or “L” . VINV* "FT or 

: ; ' ■ •* v\ : inhL >' h w ) ; V I =i : , 

Parameter 

Symbol 

MB81 C51-25 

MB81C51-30 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

50 


50 


ns 

Address Valid to "HIT, HCn, HITn 

tAH 


25 


30 

ns 

Address Valid to MHIT 

tAMH 


27 


32 

ns 

TAG Data Valid to HIT, HCn, HITn 

tTH 


18 


18 

ns 

TAG Data Valid to MHIT 

tTMH 


20 


20 

ns 

TTTt, HCn, HITn Hold Time 

tHH 

0 


0 


ns 

Address Valid to RCn, REPn 

tAR 


35 


40 

ns 

Address Valid to PERR 

tAP 


35 


40 

ns 

Address Setup Time for SET 

tAS 

25 


25 


ns 

TAG Data Setup Time 'for SET 

tTS 

25 


25 


ns 

SET Pulse Width 

tsw 

20 


20 


ns 

SET Recovery Time 

tSR 

5 


5 


ns 

RLATCH Setup Time 

tRLS 

10 


10 


ns 

RCn, REPn Hold Time for RLATCH 

tRH 

0 


0 


ns 

SBLK, SBO, SB1 Setup Time for RCn, REPn 

tSBR 


25 


25 

ns 

SBLK, SBO, SB1 Hold Time 

tSBH 

5 


5 


ns 

RCn, REPn Hold Time for SBLK, SBO, SB1 

tSH 

0 


0 


ns 

SBLK, SBO, SB1 Setup Time for SET 

tSBS 

25 


25 


ns 

PERR Hold Time 

tPH 

0 


0 


ns 

H/R to Multiplex output change 

tHR 


10 


12 

ns 

MHENBL, EXTH to MHTf output 

tMMH 


10 


12 

ns 


4-12 



MB81C51-25 FUJITSU 
MB81C51-30 


TAG WRITE CYCLE (MODE * “H” or “L’\ PURGE i "H’\ WRITE = " L” , INVL = H/R = "L”, tNH - *H”> 1 

Parameter 

Symbol 

MB81C51-25 

MB81 C51-30 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time 

twc 

50 


50 


ns 

Address Valid to RCn, REPn 

tAR 


35 


40 

ns 

Address Setup Time for SET 

tAS 

25 


25 


ns 

TAG Data Setup Time for SET 

tTS 

25 


25 


ns 

■SET Pulse Width 


20 


20 


ns 

SET Recovery Time 

tSR 

5 


5 


ns 

RLATCH Setup Time 

tRLS 

10 


10 


ns 

SBLK, SBO, SB1 Setup Time for'SET 

tSBS 

25 


25 


ns 

SBLK, SBO, SB1 Setup Time for PCn, REPn 

tSBR 


25 


25 

ns 

PCn , REPn Hold Time for SBLK, SBO, SB1 

tSH 

0 


0 


ns 

SBLK Hold Time 

tSBH 

5 


5 


ns 

PINV, VINV Setup Time for SET 

tis 

25 


25 


ns 

PINV, VINV Recovery Time for SET 

tlR 

5 


5 


ns 


PERTIAL PURGE (MODE - or "L”, PURGE = “H M , WRITE = *H’\ INVL - “L°, H/R * “H” or “L”, INH = “H", 

RLATCH * ”L’\ PINV= “H” or“L M , VINV r or “L") 

Parameter 

Symbol 

MB81C51-25 

MB81C51-30 

Unit 

Min 

Max 

Min 

Max 

Pertial Purge Cycle 

tPPC 

50 


50 


ns 

Address Setup Time for SET 

tAS 

25 


25 


ns 

TAG Data Setup Time for SET 

tTS 

25 


25 


ns 

SET Pulse Width 

tsw 

20 


20 


ns 

SET Recovery Time 

tSR 

5 


5 



SBLK, SBO, SB1 Setup Time for'SET 

tSBS 

25 


25 


■Qi 

SBLK, SBO, SB1 Hold Time 

tSBH 

5 


5 


ns 


ALL PURGE (SET = “H”, Other control inputs are “H M or “L”) 

Parameter 

Symbol 

MB81C51-25 

MB81 C51-30 

Unit 

Min 

Max 

Min 

Max 

All Purge Cycle Time 

tAPC 

100 


100 


ns 

Purge Pulse Width 

tPPW 

50 


50 


ns 

Purge Recovery Time 

tPR 

50 


50 


ns 
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TAG WRITE CYCLE (MODE = “H” or “L", PURGE = “H”, WRITE = “L”, INVL = “H”, INH = “H") 


RLATCH 
(Note 3) 


SBO, SB1 
(Note 4) 



INPUT VALID 


1 tTS . m 

tSR 


■* tsw * * • 

'S 

tAS 4- 

^ Notel 


tRLS * |" 


y Note 2 ^ 

♦ | tSBH "*j ^ 

INPUT VALID 
tSBS “*j | 

INPUT VALID 

- tis — ►] *\ ♦ tlR 

INPUT VALID ¥“ 


Notes 1. Registrate TAG, V-bit “H”, LRU update. 

2. Replace latched at RLATCH = “H". 

3. Valid at SBLK = “L". 

4. Valid at SBLK = “H” . 
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PACKAGE DIMENSIONS 
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DATA SHEET 


FUJITSU 


MB81C79B-35/-45 

CMOS 72K-BIT HIGH SPEED SRAM 


8192-WORDS x 9-BIT HIGH SPEED CMOS STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 
POWER DOWN 

The Fujitsu MB81C79B is 8192words x 9bits static random access memory fabricated with a 
CMOS process. Because of 9 bit organization, this device is convenient to be used for parity 
check function and also this device has two fast column addresses, therefore MB81 C79B is 
very suitable to used as cache buffers. To make power dissipation lower, peripheral circuits 
consist of CMOS technology, and to obtain smaller chip size, cells consisit of NMOS 
transistors and resistors. All pins are TTL compatible and a single 5 volts power supply is 
required. 

All devices offer the advantages of low power dissipation, low cost and high performance. 

• Organization : 8 1 92words x 9bits 

• Static operation: No clock or timing strobe required 

• Fast access time: UA=Ucsi=35ns max, toe= 10ns max. 

All, A12 access time=12ns max. (MB81C79B-35) 
t AA =t A csi=45ns max, toe=15ns max. 

A1 1, A12 access time=15ns max. (MB81C79B-45) 

• Low power consumption: 550mW (Operation) 

1 38mW (TTL Standby) 

83mW (CMOS Standby) 

• Single +5V supply, ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state inputs and outputs 

• Chip selects for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 28-pin 300mil Plastic DIP package (Suffix: -P-SK) 

• Standard 28-pin 450mil Gull wing flat package (Suffix: -PF) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin with respect 
toGND 


—3.5 to +7 

V 

Output Voltage on any I/O with respect 
to GND 

VoUT 

-0.5 to +7 

ma 

Output Current 

lour 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 


-10 to +85 

ma 

Storag Temperature 

Tstg 

-40 to +125 

°C 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



PLASTIC PACKAGE 
DIP-28P-M04 



PLASTIC PACKAGE 
FPT-28P-M02 


PIN ASSIGNMENT 

* C 

1 

28 

□ Vcc 

As [[ 

2 

27 

□ WE 

* c 

3 

26 

□ cs, 

a 7 c 

4 

25 

~*1 A, 

A- c 

5 

24 

□ ^ 

A. C 

6 

23 

□ Ao 

Am £ 

7 

TOP 22 

□ OE 

An 

8 

VIEW 21 

□ A, 

A« Q 

9 

20 

□ cs; 

I/O, Q 

10 

19 

□ i/o, 

I/O, □ 

11 

18 

□ I/O# 

I/O, c 

12 

17 

□ I/O/ 

vo< □ 

13 

16 

□ VOt 

GND £ 

14 

15 

□ I/Os 


This device contain# circuitry to protect the input# against 
damage due to high static voltages or electric fields. 
However, It is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 by FUJITSU LIMITED 
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a 9 o- 
Aio O- 
A„ 

*Ai 2 o- 
A3 O- 


OE 


WE 


CS, • 
CSj ' 


* Fast address 


Fig. i — MB81C79B BLOCK DIAGRAM 


ADDRESS 

BUFFER 


T 

CS 


ROW 

DECODER 


256 x 32 x 9 
MEMORY CELL 
ARRAY 


‘ Vcc 
- GND 





ADDRESS 

BUFFER 


I/O GATE 
& 

COLUMN DECODER 





BUFFER 


DATA I/O BUFFER 





CS 


o o T o o <1 o (ii 


I/O, l/Oa I/Os I/O, I/O, 
I/O, I/O, I/O, I/O, 


vo 

*i>- 


-B> 

-©> 


TRUTH TABLE 


POWER 

DOWN 


CS, 

CSa 

WE 

OE 

MODE 

SUPPLY 

CURRENT 

I/O 

STATE 

H 

X 

X 

X 

STANDBY 

IsB 

HIGH-Z 

L 

L 

X 

X 

DESELECT 

Ice 

HIGH-Z 

L 

H 

H 

H 

Dour DISABLE 

Icc 

HIGH-Z 

L 

H 

H 

L 

READ 

Ice 

Dout 

L 

H 

L 

X 

WRITE 

lee 

D, n 


CAPACITANCE (t a =25°c,i=imhz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (V )N =OV) (CS,. CS 2 , OE, WE) 

C|, 


7 

pF 

Input Capacitance (V tN =OV) (Other Inputs) 

C|2 


6 

pF 

I/O Capacitance (Vi/o=0V) 

C 1/0 


8 

PF 
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RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V|L 

-2.0* 


0.8 

V 

Input High Voltage 

V| H 

2.2 


6.0 

V 

Ambient Temperature 

Ta 

0 


70 

°c 


* -2.0V Min. for pulse width less than 20ns. (Vn. Min=-0.5V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 


Parameter 

Symbol 

Min 

Max 

Unit 

Test Condition 

Input Leakage Current 

lu 

-10 

10 

pA 

V| N =0V to Vcc 

Output Leakage Current 

Lo 

-10 

10 

pA 

CS,=V, H or CS 2 =V, L or WE=V, l or 
OE=V| H) V O ut=0V to Vcc 

Operating Supply Current 

Icc 


130 

mA 

CSi=V iu 

l/0=Open, Cycle=Min 

Standby Supply Current 



15 

mA 

V C c=Min to Max. CSi=Vcc- ^ 0.2V 
Vin^0.2V or V in >Vcc-0.2V 

lsB2 


25 

mA 

CSi=V, h 

Output Low Voltage 

VoL 


D 

D 

l 0 L=8mA 

Output High Voltage 


2.4 


D 

loH=-4mA 

Peak Power-on Current 

n 


50 

mA 

Vcc=0V to Vcc Min. 

CSi=Lower of Vcc or V iH Min. 
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AC TEST CONDITIONS 

Input Pulse Levels: 0.6V to 2.4V 

Input Pulse Rise And Fall Times: 5ns (Transient time between 0.8V and 2.2V) 

Timing Measurement Reference Levels: Input: 1 .5V 

Output: 1.5V 

Fig. 2 


Output Load I. 

For all except tLZi tHz, twz, towi tout. and toHz- 


Output Load II. 

For t^z, tnz, twz, tow, tou, and tonz- 


5V 5V 
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AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB81C79B— 35 

MB81C79B-45 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

t«c 

35 


45 


ns 

Address Access Time * 2 

tAA 


35#1 


45#2 

ns 

CSi Access Time * 3 

Lcsi 


35 


45 

ns 

CS 2 Access Time * 3 

LcS2 


15 


20 

ns 

Output Hold from Address Change 

toH 

3 


3 


ns 

OE Access Time 

toE 


10 


15 

ns 

Output Active from CS^ * 4 * 5 

tLZI 

5 


5 


ns 

Output Active from CS 2* 4 * 5 

tLZ2 

2 


2 


ns 

Output Active from OE * 4 * 5 

touz 

2 


2 


ns 

Output Disable from CS^ * 4 * 5 

tHZI 


20 


25 

ns 

Output Disable from CS 2 * 4 * 5 

tHZ2 


20 


25 

ns 

Output Disable from OE * 4 * 5 

toHZ 


20 


25 

ns 


Note : *1 WE is high for Read cycle. _____ 

*2 Device is continuously selected, CSi=Vil, CS 2 =Vih and OE=V IL . 

*3 Address valid prior to or coincident with CS, transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 

#1 A1 1, A12 address access time is 1 2ns max. 

#2 All, A1 2 address access time is 15ns max. 
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READ CYCLE TIMING DIAGRAM M 

READ CYCLE !: ADDRESS CONTROLLED *2 






ADDRESS ] 


; 


1 * 




r La H 

r— Lh— h 


[ DATA VALID ’ 


1 




READ CYCLE II: CSi, CSa CONTROLLED *3 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CSi=V| L , CS 2 =V| H and OE=Vn_ . 

*3 Address valid prior to or coincident with CSi transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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WRITE CYCLE * 1 


Parameter 

Symbol 

MB81C79B— 35 

MB81 C79B-45 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time * 2 

twc 

35 


45 


ns 

CSi to End of Write 

tcwi 

30 


40 


ns 

CS 2 to End of Write 

tcW2 

20 


25 


ns 

Address Valid to End of Write 

Uw 



40 


ns 

Address Setup Time 

Us 

0 


0 


ns 

Write Pulse Width 

twp 

20 


25 


ns 

Data Setup Time 

tow 

17 


20 


ns 

Write Recovery Time * 3 

tWR 

3 


3 


ns 

Data Hold Time 

t0H 

0 


0 


ns 

Output High-Z from WE * 4 * 5 

twz 


15 


20 

ns 

Output Low-Z from WE * 4 * 5 

tow 

0 


0 


ns 


Note: *1 If CSi goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 
*3 t W R is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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Note: *1 If OE, CS 1( and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 

*3 twR is defined from the end point of WRITE Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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Note: *1 If OE, CSi, and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input signals of 
opposite phase to the outputs must not be applied. 

*2 All write cycles are determined from the last address transition to the first address transition of next address. 

*3 twR is defined from the end point of WRITE Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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PACKAGE DIMENSIONS 

28-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-28P-M04) 



MAX TYP (0.46 + 0.08) 


© 1988 FUJITSU LIMITED D28D18S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS 
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Application Specific SRAMs 


Static RAM Data Book 
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FUJITSU 



MB8279RT-20 

MB8279RT-25 


72K-BIT (8192 x 9) SYNCHRONOUS CMOS STATIC 
RANDOM ACCESS MEMORY WITH AUTOMATIC 
POWER DOWN 

The Fujitsu MB8279RTis a 8,192-words by 9-bits synchronous static random 
access memory fabricated with a CMOS silicon gate process. 

Write operation is initiated by internal write pulse generator, which is driven 
by the clock signal given through the CLK pin therefore external control 
of write pulse width is not necessary. Compared to the traditional RAM, 
MB8279RT drastically improves the system level cycle time because signal 
skews are not necessarily concerned. 

The MB8279RT has a 32-pin plastic skinny DIP package and 32-pin plastic 
flat package as package options. 

All pins are TTL compatible, and a single +5V power supply is required. 


• 8,192 words x 9 bits organization 

• Fast access time: 

tACL = 20ns max. / 

1-ACS2 = tpE 2 = 10ns max. 

(MB8279RT-20) 
tACL = 25ns max. / 
f acs 2 = tpE 2 = 12ns max. 
(MB8279RT-25) 

• Registered addresses, CSt , WE 
and Data inputs 

• Write cancel function by asyn- 
chronous CS 2 pin 

• On-chip write pulse generator 

• On-chip parity checker 


• CMOS peripheral 

• Single = 5V (±10%) power supply 
with low current drain 

Active operation = 120mA max. 

Standby operation = 30mA max. 

• Common data inputs/outputs 

• TTL compatible inputs/outputs 

• Three-state data output and open 
drain parity error output 

• Standard 32-pin plastic DIP 
package: (Suffix P-SK) 

Standard 32-pin plastic flat 
package (Suffix PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage 

V, N 

-3.5 to +7.0 

V 

Output Voltage 

V,/o 

-0.5 to +7.0 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-10 to +85 

°C 

Storage Temperature Range 

Tstg 

-40 to 125 

°c 


March 1989 
Edition 2.0 



PLASTIC PACKAGE 
DIP-32P-M02 



PLASTIC PACKAGE 
FPT-32P-M02 


PIN ASSIGNMENT 


(TOP VIEW) 


A 3 c 

1 

32 

3 V C c 

A 4 c 

2 

31 

□ a 2 

a 5 C 

3 

30 

J A-, 

AeC 

4 

29 

□ A 0 

a 7 C 

5 

28 

□ CLR 

a 8 C 

6 

27 

□ CLK 

Ag C 

7 

26 

□ INH 

AioC 

8 

25 

□ CS-, 

A i i e 

9 

24 

□ WE 

A12C 

10 

23 

□ cs 2 

I/O! E 

11 

22 

□ PE 

l/0 2 C 

12 

21 

□ l/Og 

l/0 3 E 

13 

20 

□ l/0 8 

I/O4C 

14 

19 

□ i/0 7 

I/O5C 

15 

18 

□ l/0 6 

GNDC 

16 

17 

□ GNDQ 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB8279RT-20 FUJITSU 
MB8279RT-25 IIIIIM 


PIN DESCRIPTION 


Symbol 

Pin name 

Input/ 

Output 

Function 

CLK 

Clock 

Input 

Address, CSi and WE are fetched at the rising edge of 
the CLK, and D )N is fetched at falling edge of the CLK. 

INH 

Inhibit 

Input 

While INH = "H", a low level of CLK is disabled. 

CLR 

Clear 

Input 

When CLR = "L", the contents of CSi and WE register are 
cleared to standby. 

> 

o 

o 

> 

Address Input 

Input 

Synchronous address inputs. 

CSi 

Chip Select 1 

Input 

Synchronous Chip Select 1 (CSi ) input. 

(This pin can be used as power down.) 

CS 2 

Chip Select 2 

Input 

Asynchronous high-speed Chip Select 2 (CS 2 ) input. 

(This pin can be used as write cancel.) 

WE 

Write Enable 

Input 

Synchronous Write Enable (WE) input. 

I/O! to l/0 9 

Data Input/Output 

Input/ 

Output 

Data inputs/outputs. 

(Synchronous data inputs/Asynchronous data outputs) 

PE 

Parity Error 

Output 

Asynchronous parity error output: PE output remains 
High-Impedance state through undefined area. 

< 

0 

0 

Power Supply 

- 

+5V ±10% power supply. 

GNDQ 

Ground for Output 

- 

Ground for output circuits. 

GND 

Ground for Others 

- 

Ground for other circuits. 


TRUTH TABLE 


CLR 

CSi 

CS 2 

WE 

MODE 

I/O PIN 

PE OUTPUT PIN 

SUPPLY CURRENT 

L 

X 

X 

X 

STANDBY 

HIGH-Z 

HIGH-Z 

STANDBY 

H 

H 

X 

X 

STANDBY 

HIGH-Z 

HIGH-Z 

STANDBY 

H 

L 

L 

X 

CHIP DISABLE 

HIGH-Z 

HIGH-Z 

ACTIVE 

H 

L 

H 

H 

READ 

Dout 

PE OUTPUT 

ACTIVE 

H 

L 

H 

L 

WRITE 

Din 

HIGH-Z 

ACTIVE 


Legend: H = High level, L = Low level, X = Don't care. 

Notes: CSi and WE are input at the rising edge of the CLK. 

PE output remains High-Impedance state through undefined area. 
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FUJITSU MB8279RT-20 
— MB8279RT-25 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

T a 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended operating conditions otherwise noted.) 


Parameter 

Test Conditions 

Symbol 

Min 

Max 

Unit 

Standby Supply Current 

CSi =V,H 

^ SB 


30 

mA 

Operating Supply Current 

CSi = Vil, I/O = Open 
Cycle = min. 

*cc 


120 

mA 

Input Leakage Current 

V IN = GND to V cc 

»LI 

-10 

10 

MA 

Output Leakage Current 

CSi = V|h or CS 2 = V||_ 
Vout = GND to Vcc 

• Ll/O 

-10 

10 

HA 

Input Low Voltage 


V,L 

-2.0* 1 

0.8 

V 

Input High Voltage 


V,H 

2.2 

6.0 

V 

Output High Voltage 

Iqh = ~4mA 

VOH 

2.4 


V 

Output Low Voltage 

Oout 

Iol “ 8mA 

VOL 


0.4 

V 

PE 

1 0 l = 16mA 

Peak Power-on Current* 2 

V cc = GND to 4.5V 

CLR = GND 

i PO 


90 

mA 


Note: -2.0V Min. for pulse width less than 20ns. (V )L = -0.3V at DC level) 

*2 The CLR input should be connected to GND to keep the device deselected. 
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IM 

MB8279RT-20 FUJITSU 
MB8279RT-25 


Fig. 2 -AC TEST CONDITIONS 


• INPUT PULSE LEVELS: 

• TIMING REFERENCE LEVELS: 

• OUTPUT LOAD 


0.6V TO 2.4V 

INPUT: V, L « 0.8V, V, H - 2.2V 

OUTPUT: V OL = 0.8V, V OH = 2.2V 


5V 5V 




•INCLUDING JIG AND STRAY CAPACITANCE. 

(C|_ = 5pF for t LZ , t HZ , t LZ2 , t|_j z2 and tCRHz) < C L = 5 P F for t PLZ» tpHZ' *PLZ2' t PHZ2 and *CRHZ) 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 

READ CYCLE 


Parameter 

Symbol 

MB8279RT-20 

MB8279RT-25 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

When no uses PE 

t RC 

20 


25 


ns 

When uses PE 

tRC 

25 


30 


ns 

Clock "H" Level Pulse Width 

fCLH 

8 




ns 

Clock "L" Level Pulse Width 

t CLL 

8 


10 


ns 

Input Setup Time 

t s 

4 


4 


ns 

Input Hold Time 

t H 

2 




ns 

Clock Access Time 

d out 

l ACL 


20 


25 

ns 

PE 

*PE 


25 


30 

ns 

CS 2 Access Time 

Dout 

t ACS2 


10 


12 

ns 

PE 

*PE2 


10 


12 

ns 

CS 2 to Output Low-Z 

D OUT 

*LZ2 

2 


2 


ns 

PE 

t PLZ2 

2 


2 


ns 

CS 2 to Output High-Z 

Dout 

tHZ2 

2 

8 

2 

10 

ns 

PE 

t PHZ2 

2 

8 

2 

10 

ns 

Output Hold from Clock 

Dout 

tOH 

2 


2 


ns 

PE 

f PH 

2 


2 


ns 

Output Hold from CS 2 

Dout 

tOH2 

2 


2 


ns 

PE 

tpH2 

2 


2 


ns 
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Note 1: PE output remains High-Impedance state through undefined area. 


4-36 





MB8279RT-20 FUJITSU 
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WRITE CYCLE 


Write Cycle Time 

Clock "H" Level Pulse Width 

Clock "L" Level Pulse Width 

Input Setup Time 

Input Hold Time 

CS 2 Setup Time 

CS 2 Hold Time 

Data Setup Time 

Data Hold Time 

CLK to Output High-Z 
CLK to Output Low-Z 


MB8279RT-20 

MB8279RT-25 

Min 

Max 

Min 

Max 

20 


25 


8 


10 


8 


10 


4 


4 


2 


2 


2 


2 


8 


10 


0 


0 


6 


6 


2 

8 

2 

10 

2 

8 

2 

10 

2 


2 


2 


2 



CLOCK INHIBIT TIMING 




MB8279RT-20 

MB8279RT-25 


Symbol 

Min 

Max 

Min 

umi 

Max 

Clock Inhibit Setup Time 

1-CLIS 

2 


2 

ns 

Clock Inhibit Hold Time 

tCLIH 

2 


2 

ns 

Clock Enable Setup Time 

tcLES 

2 


2 

ns 

Clock Enable Hold Time 

tCLEH 

0 


0 

ns 


REGISTOR CLEAR TIMING 

Parameter 


Clear Pulse Width 
Clear Hold Time 
Clear Recovery Time 
Clear to Output High-Z 



MB8279RT-20 


MB8279RT-25 








Illllllllllllllilll 

FUJITSU MB8279RT-20 

(iiiigiiiniiiiniiiiiiiaiMiii MB8279RT-25 


4 


Note 1: When CS 2 * H level, write operation is excuted and when CS 2 = L level, write operation is cancelled. 
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MB8279RT-20 FUJITSU 
MB8279RT-25 IB 


CLOCK INHIBIT TIMING DIAGRAM 

CLOCK INHIBIT 



REGISTER CLEAR TIMING 

REGISTER CLEAR 
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PACKAGE DIMENSIONS 


32-LEAD PLASTIC DUAL IN-LINE 
(CASE No.: DIP-32P-M02) 


b. A rQ i Fi r^i i n i ... r n i t fh j £ b F . x fh, S 


^INDEX-1 


o 


f O'"* — INDEX-2 


o 


y V ^ S7 SF ^ K? Ky V y *u. V ‘i 


1 . 574 : : ^( 39 . 98 :°; 20 ) 



© 1988 FUJITSU LIMITED D32009S-1C 


MB8279RT-20 FUJITSU 
MB8279RT-25 ■■nillllH 


PACKAGE 





f 

.283±.006 
(7.20±0.1 5) 

| 




1 5°MAX 




MIN 


Dimensions in 
inches (millimeters) 








FUJITSU 



MB8287-25 

MB8287-35 


32Kx 8-BIT STATIC RANDOM ACCESS MEMORY 
WITH PARITY GENERATOR AND CHECKER 


The Fujitsu MB8287 is 32768 words x 8 bits high speed static random access 
memory with parity generator and checker, fabricated with CMOS technology. 
To obtain smaller chip, cell consists of NMOS transistors and resistors therefore 
this device is assembled in 300 mil DIP and has such small power dissipation 
as 605mW max. 

All pins are TTL compatible and single 5 volt power supply is required. 

A separate chip select (CSi ) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CSi the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 


• Organization: 32768 words x 8 
bits 

• Static operation: no clocks or 
timing strobe required 

• Fast access time: 

t A A = Ucsi = 25ns max, 
t Acs2 = 14ns max (MB8287-25) 
t A A = t A csi == 35ns max, 
t A cs 2 = 1 5ns max (MB8287-35) 

• Low power consumption: 
715mWmax. (Operating) for 25ns 
605mW max. (Operating) for 35ns 
138mW max. (TTL Standby) 

83mW max. (CMOS Standby) 

• Single +5V supply ±10% tolerance 


• TTL compatible inputs and out- 
puts 

• Three-state outputs with OR-tie 
capability 

• Chip select for simplified memory 
expansion, automatic power down 

• Internal parity generator and 
checker. 

• All inputs and outputs have pro- 
tection against static charge 

• Standard 32-pin DIP package 
(300 mil): (Suffix: P-SK) 

• Standard 32-pin FPT package 
(450 mil): (Suffix: PF) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V IN 

-3.5 to +7 

V 

Output Voltage on any I/O 
pin with respect to GND 

Vqut 

-0.5 to +7 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

TbIAS 

-10 to +85 

°C 

Storage Temperature Range 

Tstg 

-45 to 125 

°c 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


March 1989 
Edition 2.0 



PLASTIC PACKAGE 
(DIP-32P-M02) 



PLASTIC PACKAGE 
(FPT-32P-M02) 


PIN ASSIGNMENT 


A 5 c 

1 


32 

□ v cc 

A4C 

2 


31 

□ a 6 

a 3 C 

3 


30 

=)a 7 

a 2 C 

4 


29 

3 a 8 

AiC 

5 


28 

□ a 9 

Aq C 

6 


27 

□ a 10 

A12C 

7 


26 

3*11 

A13C 

8 

TOP VIEW 

25 

□ N.C. 

Ai 4 c 

9 


24 

DcSt 

OEC 

10 


23 

□ we 

cs 2 c 

11 


22 

□ I/Os 

PEC 

12 


21 

□ l/0 7 

i/o,c 

13 


20 

□ i/0 6 

l/0 2 c 

14 


19 

□ l/0 5 

I/03C 

15 


18 

□ l/0 4 

GNDC 

16 


17 

□ GNDQ 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB8287-25 

MB8287-35 


FUJITSU 


Fig. 1 - MB8287 BLOCK DIAGRAM 


Aq O — 
A-| o_ 
A 2 o- 
A 3 o- 

A/j O— 
A 5 o— 
A 6 o— 
A 7 o- 


A 8 o- 
Ag O— 
A io °“ 
An °“ 
A 12 °- 

A 13 °“ 

A 14 0 - 


QE Q- 
WE o— 


CSi o — 
CS 2 o— 


ADDRESS 

BUFFER 


ADDRESS 

BUFFER 


INPUT 

BUFFER 


ROW 

DECODER 


POWER DOWN 
CIRCUIT 


MEMORY CELL ARRAY 
256 x 1 28 x 8 
(I/O DATA) 

256 x 128 
(PARITY DATA) 


-v cc 

- GND 


I/O GATE 
& 

COLUMN DECODER 


PARITY DATA 


7Y 


PARITY 

GENERATOR 


PARITY 

CONTROL 


PARITY DATA 


L-\ 

rV 


PARITY 

CHECKER 


1Z. 


I/O BUFFER 


I/O 

BUFFER 


F, 1 

5 

( 

I) 

< 

> 

< 

i> 

O 

H . l/0 i J 

^ I/O 3 l 

l '/°5 J 

l '/°7 i 

Pi 


i/o 2 

TRUTH TABLE 


i/o 4 l/0 6 l/0 8 


CSt 

CS 2 

WE 

OE 

MODE 

SUPPLY CURRENT 

I/O, PE STATE 

H 

X 

X 

X 

STANDBY 

!sb 

HIGH-Z 

L 

L 

X 

X 

DESELECT 

!cc 

HIGH-Z 

L 

H 

H 

H 

Dqut DISABLE 

( cc 

HIGH-Z 

L 

H 

H 

L 

READ 

!cc 

Dout 

L 

H 

L 

X 

WRITE 

icc 

Din 


CAPACITANCE (T a = 25°C, f = 1MHz) 


Parameter 

Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Capacitance (CSi, ^ 82 , OE, WE) 

> 

0 

11 1 
z 

> 

Cn 



8 

pF 

Input Capacitance (Other Input) 

> 

0 

11 

z 

> 

C 12 



7 

pF 

I/O Capacitance (with PE) 

> 

0 

II 

0 

> 

C 1/0 



8 

pF 
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MB8287-25 Fujitsu 
MB8287-35 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

< 

o 

o 

4.5 

5.0 

5.5 

V 

Ambient Temperature 

T a 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherside noted.) 


Parameter 

Symbol 

Test Conditions 

Min 

Max 

Unit 

Standby Supply Current 

^SBI 

CSi > V CC -0.2V 

V in ^ V CC -0.2V or V ,m ^ 0.2V 


15 

mA 

•sB2 

V IN ^0.2V 

CS, = V IH 


25 

mA 

Operating Supply 
Current 

25ns 

Icc 

Iqut = 0mA, CS-) = V||_ 

Cycle = Min. 


130 

mA 

35ns 

110 

Input Leakage Current 

*LI 

V, N = 0V to V cc 

-5 

5 

ma 

Output Leakage current 

ln/O 

CSi ~ Vjh = or CS 2 = V 1 1 _ or 

WE = V, L orOE = V IH , 

V 1/0 = 0 V to Vcc 

-5 

5 


Input Low Voltage 

V, L 


-2.0* 1 

0.8 

V 

Input High Voltage 

V, H 


2.2 

6.0 

V 

Output High Voltage 

VoH 

Iqh = -4mA 

2.4 


V 

Output Low Voltage 

VOL 

1 ol = 8mA 


0.4 

V 


Note: *1 -2.0V Min. for pulse width less than 20ns. (V )L min. = -0.5V at DC level) 
All voltages are referenced to GND. 


Input Pulse Levels: 

Input Pulse Rise & Fall Times: 
Timing Reference Levels: 

Output Load: 


Fig. 2 - AC TEST CONDITIONS 

0.6V to 2.4V 

3ns (Transient between 0.8V and 2.2V) 
Input: V, L = 0.8V, V, H = 2.2 V 

Output: V OL = 0.8V, V OH = 2.2V 



*1 PE pin is included. 

*2 Including Scope and Jig Capacitance 



Ri 

r 2 

Cl 

Parameters Measured 

Load 1 

480n 

255 n 

30pF 

except t LZ , t (_j z* *WZ' t OW- *OLZ' x OHZ’ t PHZ and tpOHZ 

Load 1 1 

480fZ 

255 n 

5pF 

X LZ> tHZ' *WZ' r OW- r OLZ' tQHZ' f PHZ and tpOHZ 
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iiii«!iiigggguu«i!iin!!ii!i!iiii MB8287-35 

AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 

READ CYCLE * 1 


Parameter 

Symbol 

MB8287-25 

MB8287-35 



Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tpiC 

25 


35 


ns 

Address Access Time* 2 

*AA 


25 


35 

ns 

CS-i Access Time* 3 

tACSI 


25 


35 

ns 

CS 2 Acces Time* 3 

t ACS2 


14 


15 

ns 

OE Access Time 

tOE 


12 


14 

ns 

Output Hold from Address Change 

toH 

3 


3 


ns 

Output Active from CSi * 4 * 5 

tLZI 

5 


8 


ns 

Output Active from CS 2 4 5 

X LZ2 

2 


3 


ns 

Output Active from OE* 4 * 5 

toLZ 

2 


3 


ns 

Output Disable from CSi * 4 * 5 

tHZI 

1 

15 

1 

15 

ns 

Output Disable from CS 2 4 * 5 

t HZ2 

1 

15 

1 

15 

ns 

Output Disable from OE* 4 * 5 

toHZ 

1 

15 

1 

15 

ns 

Parity Error Access from Address* 2 

*APA 


28 


40 

ns 

Parity Error Access from CSi * 3 

t APCS1 


28 


40 

ns 

Parity Error Access from CS 2 * 3 

t APCS2 


14 


15 

ns 

Parity Error Access from OE 

^ APOE 


12 


14 

ns 

Parity Error Hold from Address Change 

tpOH 

3 


3 


ns 

Parity Error Disable from Address Change* 4 * 5 

t PHZA 

1 

20 

1 

25 

ns 

Parity Error Disable from CSi * 4 * 5 

t PHZ1 

1 

15 

1 

15 

ns 

Parity Error Disable from CS 2 * 4 * 5 

t PHZ2 

1 

15 

1 

15 

ns 

Parity Error Disable from OE* 4 * 5 

tpOHZ 

1 

15 

1 

15 

ns 


Note: *1 WE is high for Read Cycle. 

*2 Device is continuously selected, CSi = V| L , CS 2 = V| H and OE = V| L . 

*3 Address valid prior to or coincident with CS-j transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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READ CYCLE TIMING DIAGRAM*! 

READ CYCLE: ADDRESS CONTROLLED* 2 



tRC ■ 


ADDRESS ^ 

L 'S 

VALID ) 

K / 

C 




tOH_ 





DATA OUT PREVIOUS DATA VALID 

t > 

Dqut valid 

t \ 



READ CYCLE: CS, , CS 2 CONTROLLED* 3 



-* *RC ► 


ADDRESS 

VALID ^ 




1 

1 




A 


CSt 

V) ^ACS 1 ► 

t" ’ 


T^ 

1 ^ t . f; _ . 





r— 

' 

' tHZI * 4 » 5 

c * _ / 

i [ 

:s2 

\ 


tLZ 

o*4 5 - 

L AC 



2 ' 


t HZ2* 4 - 5 

OE 

t C 

V 

DE ► 

/ _ _ 





r* — toHz* 4 - 5 — 

V HIGH-Z 

t 0 LZ*4,5 

,, Q HIGH-Z 

_____ 

Dour VALID 




[ I : Don't Care Ex] : Undefined 


Note: 


*1 WE is high for Read Cycle. 

*2 Device is continuously selected, CS-i = V )L , CS 2 = V (H and OE = V )L . 

*3 Address valid prior to or coincident with CSt transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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Note: *1 WE is high for Read Cycle. 

*2 Device is continuously selected, CS-| = "L", CS 2 = "H" and OE = "L". 

*3 Address valid prior to or coincident with CS-] transition low, C $2 transition high. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 

*6 When error occurred, PE pin outputs "L". But when no error, PE pin is in High-Z state. 
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AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


WRITE CYCLE* 1 *6/7 


Parameter 

Symbol 

MB8287-25 

MB8287-35 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time* 2 

*wc 

25 


35 


ns 

Address Valid to End of Write 

*AW 

18 


28 


ns 

CSi to End of Write 

tcwi 

16 


26 


ns 

CS 2 to End of Write 

t CW2 

13 


20 


ns 

Data Setup Time 

t DW 

8 


12 


ns 

Data Hold Time 

*DH 

0 


0 


ns 

Write Pulse Width 

t W p 

15 


20 


ns 

Write Recovery Time 3 

twR 

0 


0 


ns 

Address Setup Time 

X AS 

0 


0 


ns 

Output Low-Z from WE* 4 * 5 

tow 

0 


0 


ns 

Output High-Z from WE* 4 * 5 

twz 

0 

8 

0 

14 

ns 


Note: 


*1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write Cycles are determined from the last address transition to the first address transition of next address. 

*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 

*6 In normal Write Cycle, PE pin must be pulled-up to High. 

*1 If data "L" is written in PE pin under the same timing as data input on I/O pins, "Error" information is written 
in the parity bit addressed forcibly. 
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*1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All Write Cycles are determined from the last address transition to the first address transition of next address. 

*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 

*6 In normal Write Cycle, PE pin must be pulled-up to High. 

*7 If data "L" is written in PE pin under the same timing as data input on I/O pins, "Error" information is written 
in the parity bit addressed forcibly. 
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'1 If CS goes high simultaneously with WE high, the output remains in high impedance state. 

2 All Write Cycles are determined from the last address transition to the first address transition of next address. 

‘3 t WR is defined from the end point of Write Mode. 

4 Transition is specified at the point of ±500mV from steady state voltage. 

5 This parameter is specified with Load II in Fig. 2. 

6 In normal Write Cycle, PE pin must be pulled-up to High. 

7 If data "L" is written in PE pin under the same timing as data input on I/O pins, "Error" information is written 
in the parity bit addressed forcibly. 
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PACKAGE DIMENSIONS 


32-LEAD PLASTIC DUAL IN-LINE PACKAGE 
(CASE No.: DIP-32P-M02) 


£k. cT4 .A _cC l i_r n -L. rO-L tfli j£!i_£b £b cQl. dh—j£h dh rH 


/INDEX-1 

r o 

I 0--INDEX-2 


o 


W 1 ? VV Kj 1 Ujr Kp-TuT-tuT-tjj- 


1.5741^(39.98^) 


15° MAX 


.283±.006 
(7.20±0.1 5) 




1988 FUJITSU LIMITED D32009S-1C 


Dimensions in 
inches (millimeters) 
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DUAL PORT 
STATIC RAM 
2K x 8-BIT CMOS 


May 1989 
Edition 2.0 


DUAL PORT STATIC RAM 2K X 8-BIT CMOS 

The Fujitsu MB8421/MB8422 are 2K by 8 dual-port high-performance Static 
Random Access Memories (SRAMs) fabricated In CMOS. The SRAMs use 
asynchronous circuits; thus, no external clocks are required. The MB8421 and 
MB8422 provide the user with two separately controlled I/O ports with 
independent addresses, Chip Select (CS), Write Enable (WE), Output Enable 
(OE), and I/O functions. This arrangement permits Independent access to any 
memory location for either a Read or Write operation — a useful feature for 
shared data processing applications. These devices have . an automatic 
power-down feature controlled by CS. 

To avoid data contention on the same address, a (BUSY) flag is provided for 
address arbitration; in addition, the MB8421 utilizes an (INT) flag which allows 
communication between systems on either side of the RAM . Both devices use a 
single 5-volt power supply and all pins are TTL-compatible. 

Some typical applications for these memory devices are multiprocessing 
systems, distributed networks, external register files, and peripheral controllers. 

• Organization: 2048 words by 8 bits. 

• Static operation: No clocks or timing strobes required. 

• Fast Access Time: MB842 1/22-90 \ A ^ . . 

MB8421/22-90L J *aa = t A cs = 90 ns (max) 

MB8421/22-12 1 . - ion 

MB8421/22-12L J *aa ~ t ACS - 120 ns (max) 

• Low Power Consumption: Standard Version Low Power Version 

Both ports active = 660 mW (max) 495 mW (max) 

One port active = 385 mW (max) 275 mW (max) 

Both ports standby/ 

CMOS = 11 mW (max) 1.1 mW (max) 

Both ports standby/ 

TTL = 38.5 mW (max) 27.5 mW (max) 

• TTL-Compatible Inputs and Outputs. 

• Three-State Outputs with Or-tie Capability. 

• Electrostatic Protection for All Inputs and Outputs. 

• Address Arbitration: (BUSY) flag. 

• Interrupt Function for Communication Between Systems (MB8421 only): 
(INT) flag. 

• Data Retention Voltage: 2.0V min. 

• Single +5V ( + 10%) Supply. 


NOTE: 

Permanent device damage may occur if the above 
Absolute Maximum Ratings are exceeded. Func- 
tional operation should be restricted to the conditions 
as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating condi- 
tions for extended periods may affect device 
reliability. 


ABSOLUTE MAXIMUM RATINGS '» 


Parameter 

Designator 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7 

V 

Input Voltage on any 
pin with respect to Vss 

VIN 

-0.5 to 

Vcc +0.5 

V 

Output Voltage on any I/O 
pin with respect to Vss 

VOUT 

-0.5 to 

Vcc +0.5 

V 

Output Current 

IOUT 

± 20 

mA 

Power dissipation 

PD 

1.0 

W 

Temperature Under Bias 

TBIAS 

-10 to +85 


Storage Temperature 

TSTG 

-45 to +125 

°c 



MB8421/22-90 

MB8421/22-90L 

MB8421/22-12 

MB8421/22-12L 


FUJITSU 


Copyright 1989 by FUJITSU LIMITED 
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I/O CAPACITANCE (Ta = 25 °C, f = 1 MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (VIN = OV) 

CIN 


10 

pF 

I/O Capacitance (Vl/O = OV) 

Cl/O 


10 

PF 
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PIN ASSIGNMENTS 


MB8421 - Top View 
(DIP-52P-M01) 


cs L C 

WEl C 

BUS\| C 
INTl C 
NC 

AIOlC 
OE l C 
AOlC 
AIlC 
A2L.C 
A3 L C 
A4 L C 
A5|_C 
A6 L 
A7 L 
A8 L 
A9 L 
1/00 L 
1/01 L 
1/02 L 
1/03 L 
1/04 L 
1/05 L 
1/06 L 
1/07 L 
VSS d 


52 □ vcc 
51 IlCSR 
50 3 wer 
49 □ BLJSVR 
48 □ INTR 
47 □ NC 
46 3 AIOr 
45 DOEr 
44 D AOR 
43 □ A1 R 
42 3 A2R 
41 ^ A3r 
40 ^ A4r 
39 3 A5r 
38 3 A 6 r 
37 3 A7 R 
36 3 A8 r 
35 3 A9r 
34 3 1/07 R 
33 3 I/06r 
32 3 I/05r 
31 3 I/04R 
30 3 1/03 R 
29 3 I/02R 
28 3 1/01 R 
27 3 l/OOR 


ao l C 

A1 lC 
A2 L C 
A3 L C 
A4 L C 
A5lC 
A6 L C 
A7 L C 
A8 L C 
A9|_ C 
(NC) C 
(NC) C 
(NC) C 
1/00 L C 
1/01 L C 
1/02 lC 
1/03 lC 


MB8421 - Top View 
(FPT-64P-M01) 


nnnnnnnnnn 


64 63 62 61 60 59 58 57 56 55 54 53 52 1 

1 

51 

2 

50 

3 

49 

4 

48 

5 

47 

6 

46 

7 

45 

8 

44 

9 

43 

10 

42 

11 

41 

12 

40 

13 

39 

14 

38 

15 

37 

16 

36 

17 

35 

18 

34 

19 

33 

| 2021 22 23 24 25 26 2728 29 30 3132 | 


3 NC 
3 NC 
2°i=R 

3 AOr 
3 AIr 
3 A2r 
3 A3r 
3 A4r 
3 A5r 
3 A6 r 
3 A7 R 
3 A8 r 
3 A9r 
1 NC 
3 NC 
3 NC 
3 1/07 R 
3 I/06r 
3 1/05 R 


““oocirDCcca: 
>>> 2 8 o o o o 


MB8422 - Top View 
(DIP-48P-M02) 


A6 L 
A7 L 
A8[_ 
A9 L 
1/00 L 
1/01 L 
1/02 L 
1/03 L 
1/04 L 
1/05 L 
1/06 L 
1/07 L 
VSS 


1 

48 

2 

47 

3 

46 

4 

45 

5 

44 

6 

43 

7 

42 

8 

41 

9 

40 

10 

39 

11 

38 

12 

37 

13 

36 

14 

35 

15 

34 

16 

33 

17 

32 

18 

31 

19 

30 

20 

29 

21 

28 

22 

27 

23 

26 

24 

25 


P VCC 


°!r 


h 

3 A6r 

2 A7 R 

3 A8R 
3 A9r 

3 1/07 r 
' 1/06 r 
1/05 R 


PIN DESCRIPTIONS 


Left Port 

Right Port 

Function 


Left Port 

Right Port 

Function 

we l 

we r 

Write Enable 


Tnt l 

Tntr 

Interrupt Flag 

CS l 

CSr 

Chip Select 

ao l -- aio l 

AOr- A10 r 

Address 

OEl 

OEr 

Output Enable 

6 

o 

1 

6 

I/OOr- I/07 r 

Data Input/Output 

BUSY l 

BUSYr 

Busy Flag 

Vcc 

Power (Common) 

Vss 

Ground (Common) 


FUNCTIONAL OPERATION 


The MB8421 and MB8422 provide two ports with separate 
control signals, address inputs, and input/output data pins that 
allow asynchronous read and write operations to any memory 
location. Each device has an on-chip automatic power-down 
feature controlled by that places the respective port in the 
standby mode when the chip is deselected (CS is HIGH). 


When a port Is enabled, access to the entire memory array Is 
permitted. Each port has an independent Output En- 
able ("OE) control that is active in the read mode and enables 
the output drivers. Non-contention Read/Write conditions are 
shown in the following Truth Table; a simplified block diagram 
of the dual-port SRAM is shown in Figure 1 . 
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NON-CONTENTION READ/WRITE CONTROL 


LEFT PORT INPUTS 1 

RIGHT PORT INPUTS 1 

FLAGS 

FUNCTION 

R/W l 

CS L 

oe l 

R/W r 

CS R 

oe r 

BUSY L 

BUSY r 

X 

H 

X 

X 

X 

X 

H 

H 

Left Port in Power Down Mode 

X 

X 

X 

X 

H 

X 

H 

H 

Riqht Port in Power Down Mode 

L 

L 

X 

X 

X 

X 

H 

H 

Data on Left Port Written Into Memory 

H 

L 

L 

X 

X 

X 

H 

H 

Data in Memory Output on Left Port 

X 

X 

X 

L 

L 

X 

H 

H 

Data on Right Port Written Into Memory 

X 

X 

X 

H 

L 

L 

H 

H 

Data in Memory Output on Right Port 


NOTES: 

1. A0 l -A 10 l # A0 r - AIOr 

2. H = HIGH, L = LOW, X = Don’t Care 


ARBITRATION LOGIC 

The arbitration logic resolves an address match or chip-enable 1 . 

match and determines the access priority. In both cases, an 
active BUSY flag is set for the port-in-waiting. Since both 
ports are asynchronous, there is the possibility of accessing 
the same memory location from both sides. In the read mode, 
this condition is not a problem. However, this is a problem 
when both ports are in a write mode with different data words 2. 
or when one port is reading and the other is writing. When both 
ports access the same memory location, the on-chip 
arbitration logic determines which port has access and the 
BUSY flag for the delayed port is set active LOW and all 
operations on that port are inhibited. The delayed port can be 
accessed when the BUSY flag becomes inactive. Basic modes 
of abitration are described In subsequent paragraphs. 


ARBITRATION WITH ADDRESS MATCH BEFORE CS 


LEFT PORT 

RIGHT PORT 

FLAGS 

FUNCTION 

R/W l 

CS L 

oe l 

A0 l" A1 ° l 

R/W r 

CS R 

OEr 

ao r -aio r 

BUSY L 

BUSYr 

X 

LBR 

X 

MATCH 

X 

L 

X 

MATCH 

H 

L 

Left Operation Permitted 

Right Operation Not Permitted 

X 

L 

X 

MATCH 

X 

LBL 

X 

MATCH 

L 

H 

Right Operation Permitted 

Left Operation Not Permitted 

X 

LST 

X 

MATCH 

X 

LST 

X 

MATCH 

H 

L 

Arbitration Resolved 


NOTES: X = Don’t Care, L = Low, H = High, LST= Low Same Time, LBR = Low Before Right, LBL = Low Before Left 


When addresses for both the left and right ports match 
and are valid before is active, the on-chip control 
logic arbitrates between CSl and cs R for device 
access. Refer to the following Truth Table for signal 
states: timing detail is shown later in this data sheet 
under “Data Contention Cycle No. 2 (CS controlled)." 

When CSl and CSR^re LOW before an address match, 
on-chip control logic arbitrates between the left and right 
addresses for device access. Signal states for this 
condition are shown in the following Truth Table; timing 
detail is shown under “Data Contention Cycle No. 1 
(Address Controlled).” 


ADDRESS ARBITRATION WITH CS LOW BEFORE ADDRESS MATCH 


LEFT PORT 

RIGHT PORT 

FLAGS 

FUNCTION 

R/Wl 

CSl 

oel 

AO l-A10 L 

R/Wr 

CS R 

OEr 

AO r-A10 r 

BUSYL 

BUSYr 

X 

L 

X 

VBR 

X 

L 

X 

VALID 

H 

L 

Left Operation Permitted 

Right Operation Not Permitted 

X 

L 

X 

VALID 

X 

L 

X 

VBL 

L 

H 

Right Operation Permitted 

Left Operation Not Permitted 

X 

L 

X 

VST 

X 

L 

X 

VST 

H 

L 

Arbitration Resolved 


NOTES: X = Don't Care, L = Low, H = High, VST = Valid Same Time, VBR = Valid Before Right, VBL = Valid Before Left 
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MB8421/22-90 
MB8421/22-90L 
MB8421/22-12 FUJITSU 
MB8421/22-12L IBHIIIIBli 


When both C^ L and CSr are low at the same time 
(CS controlled) or when both left-and-right addresses are 
valid at the same time (address controlled) , the IUSVr flag for 
the right port Is set to the active LOW state and access is 
granted to the left port. 

INTERRUPT FUNCTION 

The interrupt (INT) function provides communication between 
systems on both sides of the dual-port RAM. TtTt l Is set 
LOW when the processor on the right port writes to address 
7FE (AO = L and A1-A10 = H). When the left port 
acknowledges by reading address 7FE, |NTL Is then reset to 
HIGH. In essence, address 7FE serves as an 8-bit mailbox 
that transfers Information from the right port to the left port. 
When ?NTr Is set LOW, the processor on the left port writes 
to address 7FF (A0-A10=H). When the right port 


For the Intel 8086 and Fujitsu’s MBL8086 as well as most other 
microprocessors, the asynchronous BUSY signal can be 
directly tied to the READY input, providing setup-and-hold 
time requirements are met. 


acknowledges by reading address 7FF, 7nTr ,s then reset to 
HIGH. Hence, address 7FF serves as a second 8— bit mailbox, 
transferring Information from the left port to the right port. 

On power-up, inj l and InJr are set to a HIGH state. 
However, If one port Is In the standby mode, the standby port 
can still be interrupted by the processor on the other port. But 
if the BUSY flag is set to the LOW state, the port associated 
with that flag cannot set or reset the INT flag. 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to Vss) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input High Voltage 

VIH 

2.2 


Vcc +0.3 

V 

Input Low Voltage 

VIL 

-0.3 


0.8 

V 

Operating 

T emperature 

TA 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended Operating Conditions unless otherwise noted.) 


Parameter 

Symbol 

Condition 

MB8421-90/12 

MB8422-90/12 

MB8421-90L/12L 

MB8422-90L/12L 

Unit 

BB 

H2HS9I 

wmsm 

HC559 

Operating Supply Current 
(Both ports Active) 

ICC 

flu 

nSLuEOuZjHHHlHi 


120 


90 

mA 

Standby 

Supply Current 

ISB1 

SI ■■ 


7 


5 

mA 

ISB2 

One port at Standby 

CS L or CS R =VIH, 

IOUT = 0 mA 


70 

■ 

50 

mA 

ISB3 

Both ports at Full Standby 
CS L & CS R > Vcc -0.2V 


2 



mA 

ISB4 



70 


50 

mA 

Input Leakage Current 

ILI 

VIN = 0V to Vcc 

-10 

10 

-10 

10 

HA 

Output Leakage Current 

ILO 


-10 

10 

-10 

10 

P-A 

Output High Voltage 

nm 

IOUT = -1.0 mA 

2.4 


2.4 


V 

Output Low Voltage 

VOL 

IOUT = 3.2 mA 


0.4 


0.4 

V 

Output Low Voltage for 
Open-Drain 

VOL 

IOUT = 8 mA 


m 


0.4 

V 


NOTE: The BUSY and INT pins require pull-up resistors because they are open-drain outputs. 
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AC CHARACTERISTICS 

(Recommended Operations Conditions unless otherwise noted.) 



1. Transition is measured at a point of+ 500 mV from steady-state voltage with an output capacitance of 5pF. 

2. WE is High during read cycle. 

3. Device is continuously selected (CS = OE = VIL). 
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AC CHARACTERISTICS (Continued) 


Parameter 

Symbol 

MB8421 -90/90L 
MB8422-90/90L 

MB8421 

MB8422 

-12/12L 

-12/12L 

Unit 

wrxrm 

BSR9I 

HKIHH 


I Write Cycle Parameters & Timtoe Digrams 





■««« 

llll g§§§| 

Write Cycle Time 

twe 

. 90 


120 


ns 

Address Valid to End of Write 

tAW 

85 


100 


ns 


tew 

85 


100 


ns 


tAS 

0 


0 


ns 

Write Pulse Width 

t w p 

60 


70 


ns 

Write Recovery Time 

*WR 

■OH 


0 


ns 

Data Valid to End of Write 

tow 

40 


40 


ns 


to>H 

0 


0 


ns 

Write Enable to Output Low-Z (Note 4) 

tow 

0 


0 


ns 

Write Enable to Output High-Z (Note 4) 

twz 


40 


50 

ns 


Write Cycle No. 1 (WE Controlled) 


1,2 


t wc- 


Address 


D£ 


cs I S SSSS S St 


tAW 


DC 


tew • 


i n mn zmzz zK 


WE 




twp- 


»■ < t WR »j 


High-Z 


tow- 


Data Valid 


Hlgh-Z 


- 4-4 


> 


06 //J/j/% 


tOHZ — H 


wsmssssmsm 




Hlgh-Z 


Write Cycle No. 2 (CS Controlled) 1,2,3 


twe - 


Address 


DIC 


tAW 


CS 

WE 

DIN 

DOUT 


tAS H*i | 


twp 


HWrtjmw// 

•>(<*- tWR-*| 


High-Z 


High-Z 


t LZ - 


twz 


mssmssm 


i 


High-Z 


(<■ tow 4 ■ 


mm 


Legend: 1)00(1 Don’t Care K\N Undefined 


NOTES: 

1. The Write Enable (WE) signal must be high during an address transition. 

2. If the Output Enable (OE) and Chip Select (CS) signals are in the Read Mode, the associated I/O pins are in the output 
state; accordingly, input signals of opposite phase must not be applied to the outputs. 

3. If CS goes high prior to or coincident with the low-to-high transition of WE, the output remains in high-impedance state. 

4. This parameter is specified at a point + 500 mV from steady-state voltage with an output capacitance of 5 pF. 
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NOTES: _ _ 

1 . In case of dual-access at the same memory location, the port that accesses the RAM first sets the BUSY flag HIGH. 

2. Chip Select (CS) signal must be low before or coincident with an address transition. 

3. Address is valid prior to or coincidence with the high-to-low transition of CS . 
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AC CHARACTERISTICS (Continued) 


Parameter 

Symbol 

MB8421-90/90L 

MB8422-90/90L 

MB8421-12/12L 

MB8422-12/12L 


Min | Max 

Min | Max 

1 Parameter $ Timing Digram " j 

INT Set Time (Note) 

t|NS 


80 


100 

ns 

INT Reset Time (Note) 

l INR 


... ,80..,. 


100 

ns 


Interrupt Cycle Tinning 


Address R 
(Address L) . 


X 


7FE (7FF) 




WE r 

(WE l ) 


h l AS ►] 


|*“ twR— H 


jr 


Address L 
(Address R)~ 


X 7FE (7FF) 


twR 


/ / /// /// / /// /// / // w// /// m / / mm r 

(WE r ) J J j; 

°4 l r ( xwwwwwwwxxwwwWxwwwxwwwwy* 


int l 

(INTr) 


NOTE: MB8421 only. 


j^“ ■ t|NS — ►{ 

1 i. 


t|NR ' 


Legend: Y / A Undefined 
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AC CHARACTERISTICS (Continued) 


DATA RETENTION PARAMETERS & TIMING 


Parameter 

Symbol 

MB8421 -90/12 
MB8422-90/12 

MB8421-90L/12L 

MB8422-90L/12L 

Unit 

Min | Max 

Min | Max 

Intension Parameters & Timing 



Data Retention Supply Voltage 

VDR 

2.0 

5.5 

2.0 

5.5 

V 

Data Retention Supply Current (Note) 

IDR 


0.2 



mA 

Data Retention Setup Time 

tDRS 

0 


0 


ns 

Operation Recovery Time 


t RC 


t RC 


ns 

w ! Data Retention Mode ; 

Vcc j : 

4.5V VDR 4.5V 

t DRS >j |* t R 

cs zzzsr~\ cs ^ vcc -°- 2v 

! 2.2V 2.2V • 

Legend: V/ A Undefined 


NOTE: Vcc = VDR = 3V 

CS L & CS R > Vcc - 0.2 


AC TEST CONDITIONS 


Input Pulse Levels: 0 to 3.0V 

Input Pulse Rise & Fall Times: t R , t F = 5ns 

Timing Reference Levels: 1.5V 

Output Loads: |/n 


+5V 


1 lOOpF 
T (Note) 


1250 n 


775 n 


+5V 



NOTE: Includes Jig and stray capacitance. 
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DATA SHEET 


MB 843 1 / 32-90/-90L/-90L L/- 12/- 12U- 12LL 

CMOS 16K-BIT DUAL PORT SRAM 


FUJITSU 


2K X 8-BIT CMOS DUAL PORT STATIC RANDOM 
ACCESS MEMORY 

The Fujitsu MB8431/32 are 2K words x 8 bits Dual port high-performance-static Random 
Access Memories (SRAMs) fabricated in CMOS. The SRAMs use asynchronous circuits; 
thus no external dockes are required. 

The MB8431 and MB8432 provide the user with two separately contorolled I/O ports with 
independent address, Chip select (CS), Write Enable (WE), Output Enable (OE) and I/O 
functions. 

This arrangement permits independent access to any memory location for either a Read or 
Write operation - a useful feature for shared data processing applications. These devices 
have an automatic power-down feature controlled by (CS). 

To avoide data contention on the same address, a (BUSY) input is provided for address 
arbitration; In addition, MB8431 utilizes (TFTT) flag which allows communication between 
systems on either side of the RAM. 

Both devices use a single +5volt power supply and all pins are TTL-compatible. A simplified 
block diagram of the SRAM is shown in Figure 1 . 

Some typical applications for these memory devices are multiprocessing systems, 
distributed networks, external register files and peripheral controllers. 

• Organization: 2048 words x 8 bits 

• Static operation: No clocks or timing strobe required 

• Fast access time: tAA=Ucs=90ns max. (MB843 1/32-90 

MB843 1/3 2-90 Ly-GOLL) 

Ua=Ucs= 120ns max. (MB8431/32-12 

MB8431/32-1 2L/-1 2LL) 

• Low power consumption: 660mW max. (Both ports active) 

385 mW max. (One port active) 

38.5mW max. (Both ports standby, TTL) 

1 1mW max. (Both ports standby, CMOS) 
L-version/LL-version: 495m W max. (Both ports active) 

275mWmax. (One port active) 

27.5mW max. (Both ports standby, TTL) 

1.1mA max. (Both ports standby, CMOS) 

• Single +5V supply ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• All inputs and outputs have protection against static charge 

• Data Retention Voltage: 2V min. 

• Address Arbitration Function: BUSY input 

• Interrupt Function for Communication 
between Systems (MB8431 only): INT flag 

• Expanding capability using MB8421/22 (Master)-MB8431/32 (Slave) 



DIP-52P-M01 

(MB8431) 



FPT-64P-M01 

(MB8431) 

DIP-48P-M02 

(MB8432) 


PIN ASSIGNMENT 


See Page 15 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Copyright© 1989 by FUJITSU LIMITED 
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MB 8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin with respect 
to Vss 


-0.5 to 

Vcc +0.5 

V 

Output Voltage on any I/O pin with 
respect to Vss 

m 

-0.5 to 

Vcc +0.5 

D 

Output Current 

mm 

±20 

mA 

Power dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Teh as 

-10 to +85 


Storage Temperature 

Tstg 

-40 to +125 

°c 


Note: Permanent device damage may occur if ABSOLUTE MAXIMUM RATINGS are 

exceeded. Functional operation should be restricted to the conditions as 
detailed in the operational sections of this data sheet. Exposure to absolute 
maximum rating conditions for extended periods may affect device reliability. 


PIN NAMES 


LEFT PORT 

RIGHT PORT 

NAMES 

C$1 

CSr 

Chip 

Select Input 

WE U 

WE* 

Write 

Enable Input 

OE l 

or* 

Output 

Enable Input 

1nt l 

iNT* 

Interrupt * 

Flag Output 

bOsy l 

BUSY* 

Busy 

Flag Input 

AOl to A10 l 

A0r to A1 Or 

Address 

Input 

I/O0l to I/07 l 

I/O0r to I/07 r 

Data 

Input/Output 

Vcc 

Power 

GND 

Ground 


*: Applies to MB8431 only. 
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MB 8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


Fig. 1 — MB8431/32/31 L/32L BLOCK DIAGRAM 



Note: MB8431 only. 


CAPACITANCE (T A =25°c J f=iMHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (VIN=OV) 

C|N 


10 

pF 

I/O Capacitance (VI/O=0V) 

Cyo 


10 

pF 
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MB8431 /32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 


RECOMMENDED OPERATING CONDITIONS 


(Referenced to VSS) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Operating Temperature 

Ta 

0 


70 

°C 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Condition 

MB8431/ 

MB8432— 90/12 

MB8431/ 

MB8432-90L/90LL/1 2L/12LL 

Unit 

■CUSH 

■m 

Min 

Max 

Operating 

Supply Current 
(Both ports Active) 

Ice 

Cyde=Min. 

Duty=100% 

louT=0mA 

■ 

120 


90 

mA 

Standby 

Supply Current 

IsBI 

Both ports=Standby 

CSl & CSr=Vi H 

■ 

D 


5 

mA 

ISB2 

One port=Standby 

CS L or CSr=Vih, 

louT=0mA 

■ 

70 


50 

mA 

lsB3 

Both ports=Full standby 

CSu & CS r >Vcc-0.2V 

■ 

2 


D 

mA 

ISB4 

One port=Full standby 

CS L or CSn£Vcc-0.2V, 
louT=0mA 


70 


50 

mA 

Input Leakage Current 

lu 

V, N =0V to Vcc 

-10 

10 

-10 

10 

pA 

Output Leakage Current 

luo 

CS=V, H , l/O=0V to Vcc 

-10 

10 

-10 

10 

pA 

Input High Voltage 

V| H 


2.2 

Vcc+0.3 

2.2 

Vcc+0.3 

D 

Input Low Voltage 

PH 


-0.3*1 

0.8 

-0.3*1 

0.8 

V 

Output High Voltage 

CVJ 

> s 

Iout = — 1 .0mA 

D 


D 


D 

Output Low Voltage 

Q 

louT=3.2mA 

■ 

0.4 


0.4 

D 

Output Low Voltage for 
Open-Drain 

Vol 


■ 

0.4 


0.4 

D 


*1 Undershoot -3.0V min at less than 20ns pulse width. 

*2 The I NT pins require pull-up resistors because they are open-drain outputs. 
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M B8431 /32-90/-90 L/-90 LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


AC TEST CONDITIONS 


• Input Pulse Levels: OV to 3.0V 

• Input Pulse Rise & Fall Times: tR, tF=5ns 

• Timing Reference Levels: 1.5V 

• Output Load 


+5V +5V 



* Including Jig and stray capacitance 
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MB8431/32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 



AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 
READ CYCLE 


Parameter 

Symbol 

MB8431 -90/90 L/90LL 
M B 3432-90/90 LV 90 LL 

MB8431-12/12L/12LL 
MB8432-1 2/1 2L/1 2LL 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tnc 

90 


120 


ns 

Address Access Time 

tAA 


90 


120 

ns 

Chip Select Access Time 

tACS 


90 


120 

ns 

Output Enable Access Time 

tAOE 


40 


50 

ns 

Output Hold from Address Change 

toH 

10 


10 


ns 

Chip Select to Output Low-Z *2 

tcLZ 

5 


5 


ns 

Output Enable to Output Low-Z *2 

toLZ 

5 


5 


ns 

Chip Select to Output High-Z *2 

tcHZ 


40 


50 

ns 

Output Enable to Output High-Z *2 

toHZ 


40 


50 

ns 

Power up from Chip Select 

tpu 

0 


0 


ns 

Power down from Chip Select 

tpD 


50 


60 

ns 


READ CYCLE TIMING DIAGRAMS (WE=Vih) 


READ CYCLE No. I (ADDRESS CONTROLLED) (CS=OE=V, L ) 
ADDRESS 


tnc 


tAA 


K" toH * 



PREVIOUS DATA VALID ) 

SXX) 

( DATA VALID 



Note: *1 Address should be fixed before high-to-low transition of CS. 

*2 This parameter is specified at the point of ±500mV from steady state voltage with output capacitance 5pF. 
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MB8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


WRITE CYCLE 


Parameter 

Symbol 

MB8431 -90/90 L/90LL 
M B 84 32-90/90 1_/ 90 LL 

MB8431 -1 2/1 2L/1 2LL 
MB8432-1 2/1 2L/1 2LL 

Unit 

Min 

Max 

Min 

Max 

Write Cycle Time 

twc 

90 


120 


ns 

Address Valid to End of Write 

Uw 

85 


100 


ns 

Chip Select to End of Write 

tew 

85 


100 


ns 

Address Setup Time 

Us 

0 


0 


ns 

Write Pulse Width 

twp 

60 


70 


ns 

Write Recovery Time 

twR 

0 


0 


ns 

Data Valid to End of Write 

tow 

40 


40 


ns 

Data Hold Time 

ton 

0 


0 


ns 

Write Enable to Output Low-Z *4 

tow 

0 


0 


ns 

Write Enable to Output High-Z *4 

twz 


40 


50 

ns 



Note: *1 WE must b e high during address transition. 

*2 If OE, CS are in the READ Mode, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
be applied. 

*3 If CS goes high prior to or coincident with WE transition to high, the output remains in high impedance state. 

*4 Transition is measured at the point of ±500mV from steady state voltage with C L =5pF. 
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MB8431/32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 


WRITE CYCLE No. II *1 *2 *3 : (CS CONTROLLED) 



Note: 


*1 WE must be high during address transition. 

*2 If OE, CS are in the READ Mode, I/O pins are in the output state so that the input signals of opposite phase to the outputs must not 
b e ap plied. __ 

*3 If CS goes high prior to or coincident with WE transition to high, the output remains in high impedance state. 

*4 This parameter is specified at the point of ±5G0mV from steady state voltage with output capacitance 5pF. 
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MB8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


SLAVE BUSY TIMING 


Parameter 

Symbol 

MB8431 -90/90 L/90LL 
MB8432-90/90LV90LL 

MB8431 -1 2/1 2L/1 2LL 
MB8432-1 2/1 2L/1 2LL 

Unit 

Min 

Max 

Min 

Max 

Busy Access Time 

tao 


0 


0 

ns 

Write Set Up Time To Busy 

tws 

-10 


-10 


ns 

Write Hold Time From Busy 

twH 

20 


25 


ns 


CONTENTION CYCLE TIMING DIAGRAMS (WE=Vih) 


CONTENTION READ CYCLE No. I *1 *2 : (ADDRESS CONTROLLED) (CS=OE=V, L ) 


CONTENTION READ CYCLE No. II *1 *3 : (CS CONTROLLED) 


CSa 

(CSJ 


BUSYr 

(BUSY l ) 


DoUTR 

(Dqutl) 




Note: *1 In c ase of dualaccess at the same memory location, the port that access the RAM first sets the BUSY flag high. 

*2 CS must be low before or coincident with transition of address. 

*3 Address is valid prior to cincident with high-to-low transition of CS. 

*4 This parameter is specified at the point of ±500mV from steady state voltage with output capacitance 5pF. 
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MB 8431 /32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 


CONTENTION CYCLE TIMING DIAGRAMS 


CONTENTION WRITE CYCLE No. I *1 *2 *3 (WE CONTROLLED) 



CONTENTION WRITE CYCLE No. II *3 : *1 *2 *3 (CS CONTROLLED) 


CSr 

(CS U ) 


BUSYr 

(BUSY l ) 



Dinr 

(D,hl) 



Note: *1 WE must be high during address transition. 

*2 I/O pin s are in the output state, so the input signals of opposite phase must not be applied. 
*3 During BUSY input is low, write operation can not be excuted even if WE is low. 
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MB8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


INTERRUPT TIMING *1 


Parameter 

Symbol 

M B8431 -00/90 U90LL 
M B8432-90/90 L/90 LL 

MB8431 -1 2/1 2L/1 2LL 
MB8432-1 2/1 2L/1 2LL 

Unit 

Min 

Max 

Min 

Max 

INT Set Time 

t<NS 


80 


100 

ns 

INT Reset Time 

t|NR 


80 


100 

ns 


INTERRUPT CYCLE TIMING DIAGRAMS *1 


INTERRUPT CYCLE 

1 1 

ADDRESS „ ¥ 7FE (7FF) ¥ 

p — t*s — ► 

V / 

Wr -a| 

WEr ^ 

(WEl) 



ADDRESS L ) 

( 7FE (7FF) 


twR ► 


m. ZZZZZZZZZZZZZZZZZZZJ 


IWbR) 

1 

m. \\\\\\\\\\\\\\\\\\\\\\\\Wk 

(ut R ) 

* t(NS *| 


^ tiNR a 

INL \ 

(int r ) f 

v 



i 

///\ Undefined 


Note: *1 Applies to MB8431 only. 
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MB8431/32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 


DATA RETENTION CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Data Retention Supply Voltage 

Vdr 

2.0 


5.5 

V 

Data Retention Supply Current *1 

Standard 

Idr 



0.2 

mA 

L-Version 



20 

pA 

LL-Version *2 



2 

pA 

Data Retention Setup Time 

toRS 

0 



ns 

Operation Recovery Time 

tR 

tflC 



ns 


Note: *1 Vcc=V dr =3V, CSl&CSr^Vcc-O ZV 

*2 Vdr=3V, Ta= 0°C to 40°C 


DATA RETENTION TIMING 


DATA RETENTION 


4.5V 


CS 


ZZZP 


toRS 




2.2V 


DATA RETENTION MODE 
Vqr 


CS>V dr -0.2V 


J- 


4.5V 




POWER ON/RESET CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB8431 -90/90 L/90LL 
MB8432-90/90L/90LL 

MB8431 -1 2/1 2L/1 2LL 
MB8432-1 2/1 2L/1 2LL 

Unit 

Min 

Max 

Min 

Max 

Power Up Time *1 

tvR 

0.05 

50 

0.05 

50 

ms 

Power Off Time *2 

toFF 

1 


1 


S 


*1 This is required to keep normal operation for power on/reset circuit which initialize INT output to "H” automatically when Vcc is applied. 
*2 This is required to keep normal operation for power on/reset circuit which Vcc is repeatly turn on/off. 

POWER ON/RESET TIMING 
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MB8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


Function Description: 

1. ORGANIZATION: 

MB8431/32 are 2K words x 8 bit Dual port Static Random Access Memory. 

Each port has independent addresses, chip select (CS), write enable (WE), output enable (OE) and data input/output (I/O) functions. 

2. SLAVE BUSY FUNCTION: 

In order to do bit expansion using 8 bit width dual port RAM such as MB8421/22, two or more parts should be connected paralel. But such 
case, there is a possibility, which depends on arbitration timing, of outputting BUSY signal to different ports and put both CPUs in waiting state. 
This causes a trouble. Using MB8431/32 which have slave busy function (busy input) is one of the solutaion for such trouble. Bit expansion is 
easily achievable to pair-use slave type dual port RAM such as MB8431/32 and master type dual port RAM such as MB8421/22. 


(Example) 

As an example, Figl shows 16 bit dual port memory system. 

In this system, master type Dual port RAM (MB842 1/22) judge arbitration for address contention and output result of the judgement from BUSY pin. 
This output returned to CPU and make the CPU in waiting state and also the output is applied to slave type dual port RAM (MB8431/32). 
Though slave type dual port RAM (MB8431/32) do not judge for arbitration, they have BUSY input pin and inhibit write operation of the 
correspondent port during "L” signal form BUSY output of master type dual port RAM (MB8421/22) is applied to the BUSY input. 

A system consists of one master dual port RAM (MB8421/22) and three slave dual port RAMs (MB8431/32) is harmonized for 32 bit application. 



4-81 








MB8431 /32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 


3. INTERRUPT FUNCTION: _ 

The interrupt function (INT) is provided to allow communication between the systems on e ither sides of the dual-port RAM. INT L is set to 
low, when the processor on the right port writes to address 7FE (AO=L and A1 to A10=H). INT L is then reset to High, when the left port 
acknowledges by reading the same address 7FE. Thus the address 7FE is like a 8 bit word mail-box transferring information from 
the right-port to the left-port. 

INTr on the other hand is set to low, when processor on the left port writes to the address 7FF (A=0 to A10=H). INT R is reset to High, when 
the right port acknowledges by reading this address. Hence, the address 7FF is a second 8 bit word mail-box transferring information form 
the left port to the right port. 

The INT U and INTr are set to High on power-up. If the port is in the standby mode, it can still get interrupted by the processor on the other 
side. 

In case he BUSY flag is set to low, then the pertinent port can not set or reset the INT flag. 
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MB8431/32-90/-90L/-90LL 
MB8431/32-1 2/-1 2L/-1 2LL 





MB8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 2L/-1 2LL 


52-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-52P-M0I) 




©1988 FUJITSU LIMITED D520D2S-2C 


Dimensions in 
inches (millimeters) 





M B8431 /32-90/-90 L/-90LL 
MB843 1/32-1 2/-1 2L/-1 2LL 


48-LEAD PLASTIC DUAL IN-LINE PACKAGE 

(Case No. : DIP-48P-M02) 



Dimensions in 

©1988 FUJITSU LIMITED D48003S-3C inches (millimeters) 
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M B8431 /32-90/-90L/-90LL 
MB8431 /32-1 2/-1 217-1 2LL 


64- LEAD PLASTIC FLAT PACKAGE 



©1988 FUJITSU LIMITED F648U5S-6C 


Dimensions in 
inches (millimeters) 
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Section 5 


Wide Temperature Range SRAMs — At a Glance 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 


5-3 

MB81C68A-45W 

45 

16384 bits 

20-pin 

Ceramic 

DIP 




(4096w x 4b) 




5-11 

MB8 1 C78A— 45W 

45 

65536 bits 

28-pin 

Ceramic 

DIP 




(8192w x 8b) 

32-pad 

Ceramic 

LCC 

5-23 

MB81C79A-45W 

45 

73728 bits 

28-pin 

Ceramic 

DIP 




(8192w x 9b) 

32-pad 

Ceramic 

LCC 

5-35 

MB8464A-10W 

100 

65536 bits 

28-pin 

Ceramic 

DIP 


-15W 

150 

(8192w x 8b) 

32-pad 

Ceramic 

LCC 
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October 1989 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB81C68A-45-W 

CMOS 16 K-BIT HIGH SPEED SRAM 


4096 WORDS x 4 BITS SRAM WITH HIGH SPEED 
AND AUTOMATIC POWER DOWN 


The Fujitsu MB81C68A-W is 4096 words x 4 bits static random access memory fabricated 
with a CMOS silicon gate process. The memory utilizes asynchronous circuitry and may be 
maintained in any state for an indefinite period of time. All pins are TTL compatible and a 
single 5 volts power supply is required. 

A separate chip select (CS) pin simplifies multipackage systems design. It permits the 
selection of an individual package when outputs are OR-tied, and furthermore on selecting a 
single package by CS, the other deselected packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high performance. 

• Organization : 4096 words x 4 bits 

• Static operation : No clocks or timing strobe required 

• Fast acces time: t AA = t ACS = 45ns max. (MB81C68A-45-W) 

• Low power consumption : 495mW max. (Operating) 

193mW max. (TTL standby) 

1 lOmW max. (CMOS standby) 

• Single + 5V supply ± 10% tolerance 



CERAMIC PACKAGE 
CERDIP 
(DIP-20C-C03) 


• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 20-pin DIP (Suffix : CZ) 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to 6.0 

V 

Input Voltage on Any Pin with respect 
to GND 

V,N 

-0.5 toV cc + 0.5 

wa 

Output Voltage on Any I/O Pin with 
respect to GND 

V OUT 

-0.5 to Vcc + 0.5 

V 

Output current 

1 OUT 

± 20 

mA 

Power dissipation 

P D 

1.0 

W 

Temperature under Bias 

T BIAS 

-55 to 125 

°C 

Storage Temperature 

t stg 

-65 to 150 

°c 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


PIN ASSIGNMENT 

*7C 

1 

20 

H V CC 

A 6 IZ 

2 

19 

I] A a 

AsC 

3 

18 

□ A 9 

a 4 C 

4 

17 

□ A 10 

A 3 C 

5 

TOP VIEW 16 

I] An 

A 2 C 

6 

15 

□ ^°1 

Aid 

7 

14 

□ I/O2 

AoC 

8 

13 

□ V0 3 

csC 

9 

12 

□ V0 4 

gnc C 

10 

11 

Z] WE 






This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, it is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high Impedance circuit. 
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M B8 1 C68 A-45-W 



Fig.l - MB81C68A BLOCK DIAGRAM 



CAPACITANCE (T A =25°c,f = iMHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (V |N = OV) 

C IN 


6 

Li- 

Ql 

CS Capacitance (V ^ = OV) 

0 cs 


7 

PF 

I/O Capacitance (V )/0 = OV) 

C i/o 


8 

pF 


-4 


5 


























MB81 C68A-45-W 


PIN DESCRIPTION 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

8 

> 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V ,L 

-0.3 #1 


0.6 

V 

Input High Voltage 

< 

X 

2.4 


Vcc + 0.3 

V 

Ambient Temperature 

t a 

-55 


125 

°c 


Note : * -2.0V Min. for pulse width less than 20 ns. (V |L Min = -0.3V at DC level) 

DC CHARACTERISTICS 


(Recommended opereating conditions unless otherwise noted.) 


Parameter 

Test Condition 

Symbol 

Min 

Typ 

Max 

Unit 

Input Leakage Current 

V IN ^VtoVcc 

'l, 

-10 


10 

M-A 

Output Leakage Current 

cs = v 1H . 

V i/o = 0V to V cc 

'lo 

-50 


+50 

M-A 

Active (DC) Supply Current 

1 out = CS = V ||_ , 

V,N - V 1L or V |H 

1 CC1 


25 

70 

mA 

Operating Supply Current 

CS=V 1L 

1 QUT = 0mA, Cycle = Min 

'cC2 


40 

90 

mA 

Standby Supply Current 

CS = V cc -0.2V, V IN 4 0.2V 
or V IN => V cc -0.2V 

1 SB1 


0.5 

20 


Standby Supply Current 

X 

> 

II 

|C0 

lo 

1 SB2 


10 

35 

mA 

Output LoW Voltage 

1 0L = 8mA 

V OL1 



0.4 

D 

Output Low Voltage 

o 

ii 

8 

> 

V OL2 



0.2 

D 

Output High Voltage 

1 0H = -4mA 

V OH1 

■a 


■ 

D 

Output High Voltage 

1 oh = 100 p. A 

^OH2 

2.6 



V 
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MB81 C68A-45-W 





AC TEST CONDITION 


Fig. 2 

5.0V 

Input Pulse Levels: 0.4 to 2.6 V 

Input Pulse Rise and Fall Times: 5ns (Ttansient Time between 0.8V and 2.2V) 

Timing Reference Levels: lnput:1.5V 

Output: 1.5 V 

Output Load: 

n __ __ 

< 

, 1 

r 

► 480 

L 

d out 

T 



(Including Scope and 
Jig Capacitance) 

'll— II- 

o 

• it KKKi 

' 255 « 

L 

C l = 30pF 

C l = 5pF for t lz . t hz . t ow ar *d t wz 


AC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted) 
READ CYCLE * 1 


Parameter 

Symbol 

MB81C68A-45-W 

Unit 

Min 

Max 

Read Cycle Time 

1 RC 

45 


ns 

Address Access Time* 2 

* AA 


45 

ns 

Chip Select Access Time* 3 

* ACS 


45 

ns 

Output Hold from Address Charge 

1 OH 

0 


ns 

Output Hold from CS 

1 OHC 

0 


ns 

Chip Selection to Output in Low-Z* 4 

1 LZ 

0 


ns 

Chip Deselection to Output in High -Z* 4 

1 HZ 

0 

20 

ns 

Power Up from CS 

* PU 

0 


ns 

Power Down from CS 

1 PD 


45 

ns 


Note: * 1 WE is high for Read cycle. 

* 2 Device is continuously selected, CS = V |L 

* 3 Address valid prior to or coincident with CS transition low. 

* 4 Transition is specified at the point of + 500m V from steady state voltage. 
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READ CYCLE: CS CONTROLLED * 3 



Note: * 1 WE is high for Read cycle. 

* 2 Device is continuously selected, CS = V |L 

* 3 Address valid prior to or coincident with CS transition low. 

* 4 Transition is specified at the point of ± 500m V from steady state voltage. 
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MB81 C68A-45-W 


WRITE CYCLE * 


Parameter 

Symbol 

Write Cycle Time 

* wc 

Chip Selection to End of Write 

1 cw 

Address Valid to End of Write 

1 AW 

Address Setup Time 

1 AS 

Write Pulse Width 

t yyp 

Data Setup Time 

1 DW 

Write Recovery Time 

t WR 

Data Hold Time 

t DH 

Output High-Z from WE * 3 

1 WZ 

Output Low-Z from WE * 3 

1 OW 


MB81C68A-45-W 




Note# : * 1 CS or WE must be high during address transitions. 

* 2 If CS goes simultaneously with WE high, the output remains in a high impedance state. 

* 3 Transition is specified at the point of ± 500m V from steady state voltage. 
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MB81 C68A— 45-W 



Notes : * 1 CS or WE must be high during address transitions. 

* 2 If CS goes high simulyaneously with WE high, the output remains in a high impedance state. 

* 3 Transition is specified at the point of ± 500m V from steady state voltage. 
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MB81 C68A-45-W 


PACKAGE DIMENSIONS 


20-LEAD CERAMIC (CERDIP) DUAL IN-LINE PACKAGE 
(Case No.: DIP-20C-C03) 



©1988 FUJITSU LIMITED D20006S-4C inches (millimeters) 
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CMOS 65536-BIT 
STATIC RANDOM 
ACCESS MEMORY 


MB81C78A-45-W 


September 1988 

64K-BIT (8192x8) HIGH SPEED CMOS STATIC RANDOM am on i o 

ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB81C78A-W is 8192 words x 8 bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS-| ) pin simplifies multipackage systems design. It 
permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CS-| , the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 

• Organization: 8192 words x 8 bits 

• Static operation: No clock or timing strobe required 

• Fast access time: t AA =t ACS1 = 45 ns max. (MB81C78A-45-W) 

• Low power consumption: 660 mW max. (Operating) 

165 mW max. (Standby, TTL level) 

110 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 

• TTL compatible input: and outputs 



• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down PIN ASSIGNMENT 

• All inputs and outputs have protection against static charge 

• Standard 28-pin Ceramic DIP package (Suffix: -C) 

• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) ^ *>b v cc 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to r this high impedance 
circuit. 
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FUJITSU 


MB81C78A-45-W 


MB 81C78A BLOCK DIAGRAM 


ADDRESS 

BUFFER 


ROW 

DECODER 


256 x 32 x 8 
MEMORY CELL 
ARRAY 


ADDRESS 

BUFFER 


I/O GATE 
& 

COLUMN DECODER 





du rrcn 


DA 1 A l/U bUrrtn 


l/0-,l/0 2 1 /O 3 I/O 4 1 /0 5 l /0 6 1/0 7 1 /0 8 



TRUTH TABLE 

fsiTTcSol WE OE 


MODE 

SUPPLY 

CURRENT 

I/O 

STATE 

STANDBY 

•sb 

HIGH-Z 

DESELECT 

*CC 

HIGH-Z 

Dquy disable 

•cc 

HIGH-Z 

READ 

•cc 

d out 

WRITE 

■cc 

d IN 


CAPACITANCE (T a =25°C,f = 1MHz) 

Parameter 

Input Capacitance (V iN = OV) (CS-j , CS 2 , OE, WE) 
Input Capacitance (V, N = OV) (Other Inputs) 

I/O Capacitance (V. /0 = OV) 






MB81C78A-45-W 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


















wmmm 

FUJITSU 

■■■■ MB81C78A-45-W 


AC TEST CONDITIONS 


Input Pulse Levels: OV to 3.0V 

Input Pulse Rise And Fall Times: 5ns (Transient time between0.4V and 2.6V) 

Timing Measurement Reference Levels: Input: 1.5V 

Output: 1.5V 


Fig. 2 


Output Load I. Output Load D. 

For all except t LZ , t HZ , t wz , t 0 W/ F° r x lz > tHZ/ twz- tow. touz. and tonz- 

t-OLZ > and toHZ- 


5V 



D OUT 


5pF 


(including Scope 
and Jig Capacitance) 


777 " 
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Output Active from CS-j 


Output Active from CS 2 


Output Active from OE 


Output Disable from CS-j 


FUJITSU 

MB81C78A-45-W lllilllllllH 


AC CHARACTERISTICS 


READ CYCLE 


(Recommended operating conditions unless otherwise noted.) 


MB81 C78A-45-W 


Read Cycle Time 


Address Access Time* 1 2 3 4 5 


CS-i Access Time 


CS 2 Access Time 


Output Hold from Address Change 


OE Access Time 


Output Disable from CS 2 



1 WE is high for Read cycle. 

2 Device is continuously selected, CS-| = V (L , CS 2 = V (H and OE = V )L . 

3 Address valid prior to or coincident with CS^ transition low, CS 2 transition high 

4 Transistion is specified at the point of ±500mV from steady state voltage. 

5 This parameter is specified with Load II in Fig. 2. 





READ CYCLE TIMING DIAGRAM 


•1 


READ CYCLE I: ADDRESS CONTROLLED* 2 



READ CYCLE II: C $, , CS 2 CONTROLLED* 3 



'1 WE is high for Read cycle. 

'2 Device is continuously selected, CS, = V, L , CS 2 = V, H and OE = V, L . 

3 Address valid prior to or coincident with CS-, transition low, CS 2 transition high. 
f 4 Transition is specified at the point of ±500mV from steady state voltage. 

'5 This parameter is specified with Load II in Fig. 2. 





Write Recovery Time 

tWR 

3 


ns 

Data Hold Time 

tDH 

3 


ns 

Output High-Z from WE* 4 * 5 

twz 

i 


20 

ns 

Output Low-Z from WE* 4 * 5 

tow 

0 


ns 

te: *1 If CS-i goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycles are determined from the last address transition to the first address transition of next address 
*3 t WR is defined from the end point of Write Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 








Note: *1 If 61, CS-, , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycle are determined from the last address transition to the first address transition of next address. 

*3 t W R is defined from the end point of WRITE Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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FUJITSU 

MB81C78A-45-W III 


WRITE CYCLE TIMING DIAGRAM* 1 

WRITE CYCLE II: WE CONTROLLED 

. tuu/~*2 , 




ADDRESS ^ 

( > 

< 







%R* 3 

CS, 


v l 

l 





CS 2 

/ 

\ 

t,I: 







*AS 


\ ) 

— 

WE 

\\\ 

( 

t DH — - 



|-^ t DW-^ 

■» WOOCKXXXXXF^XWC -»» XXXX 


J twz* 4 * 5 

[ 1 : Don't Care : Undefined 


Note: *1 

*2 

*3 

*4 

*5 


If OE, CS-i , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

All write cycles are determined from the last address transition to the first address transition of next address. 
t WR is defined from the end point of WRITE Mode. 

Transition is specified at the point of ±500mV from steady state voltage- 
This parameter is specified with Load II in Fig. 2. 
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FUJITSU 

■■■1 MB81C78A-45-W 


PACKAGE DIMENSIONS 


28-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 


(CASE No.: DIP-28C-A08) 


0° to 9° 





- .060(1. 52)MAX 


Ihnnnp^ 


(2.54±0.25) 


.050+ .010 


(1.27±0.25) 


.200(5.08)MAX 


.134±.014 

(3.40±0.36) 


.050±.010 

(1.27±0.25) 


1.300(33.02)REF 


© 1987 FUJITSU LIMITED D28020S-2C 


Dimensions in 
inches (millimeters) 
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FUJITSU 


MB81C78A-45-W 


PACKAGE DIMENSIONS (continued) 

CERAMIC LCC (Suffix: -CVI 








FUJITSU 


CMOS 73728-BIT 
STATIC RANDOM 
ACCESS MEMORY 



September 1988 

72K-BIT (8192x9) HIGH SPEED CMOS STATIC RANDOM Edition 10 

ACCESS MEMORY WITH AUTOMATIC POWER DOWN 


The Fujitsu MB81C79A-W is 8192 words x 9bits static random access memory 
fabricated with a CMOS process. The memory utilizes asynchronous circuitry 
and may be maintained in any state for an indefinite period of time. All pins 
are TTL compatible and a single 5 volts power supply is required. 

A separate chip select (CS <\ ) pin simplifies multipackage systems design. It 
i permits the selection of an individual package when outputs are OR-tied, 
and furthermore on selecting a single package by CS-, , the other deselected 
packages automatically power down. 

All devices offer the advantages of low power dissipation, low cost, and high 
performance. 


• Organization: 8192 words x 9 bits 

• Static operation: No clock or timing strobe required 

• Fast access time: t AA = t ACS i = 45 ns max. (MB81C79A-45-W) 

• Low power consumption: 660 mW max. (Operating) 

165 mW max. (Standby, TTL level) 

110 mW max. (Standby, CMOS level) 

• Single +5V supply, ±10% tolerance 

• TTL compatible inputs and outputs 

• Three-state outputs with OR-tie capability 

• Chip select for simplified memory expansion, automatic power down 

• All inputs and outputs have protection against static charge 

• Standard 28-pin Ceramic DIP package (Suffix: -C) 

• Standard 32-pad Leadless Chip Carrier (Suffix: -CV) 


ABSOLUTE MAXIMUM RATINGS (See NOTE) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7 

V 

Input Voltage on any pin 
with respect to GND 

V, N 

-0.5 to +7 

V 

Output Voltage on any I/O 
with respect to GND 

VqUT 

-0.5 to +7 

V 

Output Current 

•out 

±20 

mA 

Power Dissipation 

Pd 

1.0 

W 

Temperature Under Bias 

Tbias 

-65 to +135 

°C 

Storage 

Temperature 

t stg 

-65 to +150 

°c 



PIN ASSIGNMENT 



NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 


This device contains circuitry to protect the 
inputs against damage due to*high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum, rated voltages to this high impedance 
circuit. 
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MB81C79A-45-W 


FUJITSU 

■■■■■ 


Fig. 1 - MB 81C79A BLOCK DIAGRAM 




I/O-) l/0 3 l/0 5 l/0 7 l/0 9 

l/0 2 I/O4 l/0 6 l/0 8 

TRUTH TABLE 


CSt 

CS 2 

WE 

OE 

MODE 

SUPPLY 

CURRENT 

I/O 

STATE 

H 

X 

X 

X 

STANDBY 

*SB 

HIGH-Z 

L 

L 

X 

X 

DESELECT 

■cc 

HIGH-Z 

L 

H 

H 

H 

D out DISABLE 

■cc 

HIGH-Z 

L 

H 

H 

L 

READ 

■cc 

D OUT 

L 

H 

L 

X 

WRITE 

■cc 

Din 


CAPACITANCE (T A =25°C,f = 1MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (V, N = OV) (CS-) , CS 2 , OE, WE) 

C 1 1 


7 

pF 

Input Capacitance (V )N = OV) (Other Inputs) 

0 12 


6 

pF 

I/O Capacitance (V t / 0 - OV) 

Cl/O 


8 

PF 
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FUJITSU 

MB81C79A-45-W 


RECOMMENDED OPERATING CONDITIONS 


Supply Voltage V cc 4.5 


Input Low Voltage 


Input High Voltage . m 

Ambient Temperature T A J -55 j 

-2.0V Min. for pulse width less than 20 ns. (V !L Min = -0.5V at DC level) 



DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

Min 

Max 

Unit 

Input Leakage 

Current 

Ili 

-10 

10 

HA 

Output Leakage 

Current 

•lo 

-10 

10 

/iA 

Operating Supply 

Current 

•cc 


120 

mA 

Standby Supply 

•SBI 


20 

mA 

Current 

•SB2 


30 

mA 


Output Low 
Voltage 

Output High 
Voltage 

Peak Power-on 
Current 


Test Condition 

V|n = 0V to Vcc 

CS-i = V ih or CS 2 = V !L or WE = V )L or 
OE = V IH , Vqut =0V to V cc 

CSi =v IL 

I/O = Open, Cycle = Min 

Vcc = Min to Max. CS-| = V CC -0.2V 
V, N < 0.2V or V, N > V CC -0.2V 

CSt = V, h 


Vcc = 0V to V cc Min. 

CSi = Lower of V m or Viu Min. 




AC TEST CONDITIONS 


Input Pulse Levels: OV to 3.0V 

Input Pulse Rise And Fall Times: 5ns (Transient time between0.4V and 2.6V) 

Timing Measurement Reference Levels: Input: 1.5V 

Output: 1.5V 

Fig. 2 

Output Load I. Output Load II. 

For all except t LZ , t HZ , t wz , t Q w- F or Ihz* twz» tow» toLZ/ ar| d t 0 HZ 

tOLZ/ ar, d tOHZ- 






MB81C79A-45-W 


FUJITSU 


AC CHARACTERISTICS 

READ CYCLE * 1 (Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MB81C79A-45-W 

Unit 

Min 

Max 

Read Cycle Time 

tpiC 

45 


ns 

Address Access Time* 2 

t AA 


45 

ns 

CS-i Access Time* 3 

tACSI 


45 

ns 

CS 2 Access Time* 3 

t ACS2 


20 

ns 

Output Hold from Address Change 

toH 

3 


ns 

OE Access Time 

toE 


20 

ns 

Output Active from CSi * 4 * 5 

t L Z1 

5 


ns 

Output Active from CS 2 * 4 * 5 

t LZ2 

0 


ns 

Output Active from OE* 4 * 5 

toLZ 

0 


ns 

Output Disable from CS-i * 4 * 5 

tlHZI 


25 

ns 

Output Disable from CS 2 * 4 * 5 

CN 

N 

X 


25 

ns 

Output Disable from OE* 4 * 5 

t OHZ 


25 

ns 


Note: 


*1 WE is high for Read cycle. 

*2 Device is continuously selected, CS-, = V, L , CS 2 = V )H and OE = V| L . 

*3 Address valid prior to or coincident with CS-j transition low, CS 2 transition high. 
*4 Transistion is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 
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FUJITSU 

■■■■ MB81C79A-45-W 


READ CYCLE TIMING DIAGRAM * 1 


READ CYCLE I: ADDRESS CONTROLLED* 2 



READ CYCLE H: CSt , CS 2 CONTROLLED* 3 



Note: *1 WE is high for Read cycle. 

*2 Device is continuously selected, CS-| = V| L , CS 2 = V m and OE = V iL . 

*3 Address valid prior to or coincident with CSt transition low, CS 2 transition high. 
*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 




















FUJITSU 

■■■■ MB81C79A-45-W 



Note: *1 If OE, CS-| , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

*2 All write cycle are determined from the last address transition to the first address transition of next address. 

*3 t WR is defined from the end point of WR ITE Mode. 

*4 Transition is specified at the point of ±500mV from steady state voltage. 

*5 This parameter is specified with Load II in Fig. 2. 




FUJITSU 

MB81C79A-45-W lllllllll»»IBIlEllilllllfl[lllllllllll 



1 If OE, CS 1 , and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input 
signals of opposite phase to the outputs must not be applied. 

2 All write cycles are determined from the last address transition to the first address transition of next address. 

'3 t WR is defined from the end point of WRITE Mode. 

'4 Transition is specified at the point of ±500mV from steady state voltage. 

'5 This parameter is specified with Load II in Fig. 2. 




FUJITSU 


MB81C79A-45-W 


PACKAGE DIMENSIONS 


28-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 
(CASE No.: DIP-28C-A08) 


R.050(1 .27) 
REF \ 


5 

-i P 

r > 

^ J 


EJ 



1.4001.020 


.295+ .010 
(7.49±0.25) 


.300±.010 

(7.62±0.25) 


1 .0101,002 
(0.2510.05) 




.060(1. 52)MAX 



, 1001.010 

'(2.5410.25) 


, .0501.010 I I 

(1.27+0.25) 


200(5.08)MAX 


.1341.014 

(3.4010.36) 


.0501.010 

(1.2710.25) 


1 .300(33. 02)REF 


1987 FUJITSU LIMITED D28020S-2C 


Dimensions in 
inches (millimeters) 
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PACKAGE DIMENSIONS (continued) 

CERAMIC LCC (Suffix: -CV) 


32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C A02) 



* Shape of PIN NO. 1 INDEX: Subject to change without notice. 


© 1987 FUJITSU LIMITED C32011S-3C 


Dimensions in inches 
(millimeters) 




Wide Temperature Range SRAMs 


Static RAM Data Book 
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October 1989 
Edition 1.0 


DATA SHEET 


FUJITSU 


MB 8464 A-io-w/-i 5 -w 

CMOS 64K-BIT LOW POWER SRAM 


8,192WORDS x 8BIT CMOS STATIC RAM WITH LOW 
POWER AND DATA RETENTION 

The Fujitsu MB8464A is a 8192-word by 8-bit static random access memory fabricated with 
a CMOS silicon gate process. The memory utilizes asynchronous circuitry and may be 
maintained in any state for an indefinite period of time. All pins are TTL compatible, and a 
single 5volts power supply is required. 

The MB8464A is ideally suited for use in microprocessor systems and other applications 
where fast access time and ease of use are required. All devices offer the advantages of low 
power dissipation, low cost, and high performance. 

• Organization : 81 92 words x 8 bits 

• Fast access time: 100ns max. (MB8464A-10-W) 

150ns max. (MB8464A-15-W) 

• Completely static operation: No clock required 

• TTL compatible input/output 

• Three-state output 

• Common data input/output 

• Single +5V power supply, ±10% tolerance 

• Low power standby: 1 1 mW max. 

• Data retention: 2.0V min. 

• 28-pin Ceramic package (300mil width) 

(600mil width) 

• 32-pad Leadless Chip Carrier 


ABSOLUTE MAXIMUM RATINGS (see NOTE) 


Rating 

Symbol 

Value 

Unit 

Storage Temperature Range 

Tstg 

—65 to +150 

°C 

Temperature Under Bias 

Tbias 

-55 to +125 

°c 

Supply Voltage 


-0.5 to +7.0 

V 

Input Voltage 

II 

—0.5 to Vcc +0.5 

V 

Output Voltage 

Vour 

-0.5 to Vcc +0-5 

V 


NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 



Ceramic Package (600mil) 
DIP-28C-A07 



Ceramic Package (300mil) 
DIP-28C-A08 

o 

Ceramic Package 
LCC-32C-A02 


PIN ASSIGNME NT 

NC rii 2ah Vcc 

A„ C 2 27 □ WE 

A/ C 3 26 □ CSj 

A, C 4 25 □ A, 

A* C 5 24 U A» 

A 4 C 6 23 □ A« 

A» C 7 22 □ OE 

A ,Ce wvew 2i]a„ 


A 1t NC WE 
ATjMCjVodCSt 





A* 

As 

•« 

As 

A* 

“ « TOP VIEW 

id! 

Ao 


I/O, 

:!8 


v wmwM 


l/Oj^NtJI/OjI/O, 

I/Os NC I/Os 


a« 

28 Aa 

>7 All 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. 
However, It Is advised that normal precautions be taken to 
avoid application of any voltage higher than maximum rated 
voltages to this high impedance circuit. 


Quick Pro™ is a trademark of FUJ ITSU LIM (TED 
Copyright© 1989 by FUJITSU LIMITED 




























MB8464A-10-W 

MB8464A-15-W 


Fig. 1 — MB 8464 A BLOCK DIAGRAM 



I/O, l/0 2 l/0 3 l/0 4 I/Os l/O s 1/07 l/Oe 


81 = 0 — Di> 


TRUTH TABLE 


cs, 

CSa 

OE 

WE 

MODE 

SUPPLY 

CURRENT 

I/O PIN 

H 

X 

X 

X 

NOT SELECTED 

IsB 

HIGH-Z 

X 

L 

X 

X 

NOT SELECTED 

IsB 

HIGH-Z 

L 

H 

H 

H 

Dour DISABLE 

Ice 

HIGH-Z 

L 

H 

L 

H 

READ 

Ice 

Dout 

L 

H 

X 

L 

WRITE 

lee 

Din 


CAPACITANCE (T A = 25 °c,f=iMHz) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

I/O Capacitance (Vi/o=OV) 

Cl*? 



10 

PF 

Input Capacitance (V )N =OV) 

C, N 



7 

pF 
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RECOMMENDED OPERATING CONDITIONS 


(Referenced to GND) 


Parameter 

Symbol 

Min 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Input Low Voltage 

V,L 

-0.3 M 


0.6 

V 

Input High Voltage 

V| H 

2.4 


Vcc+0.3 

V 

Ambient Temperature 

Ta 

-55 


+125 

°c 


*1 -3.0V min. for pulse width less than 20ns. (V| L min.=M).3V at DC level) 


DC CHARACTERISTICS 


(Recommended operating conditions unless otherwise noted.) 


Parameter 

Symbol 

MSI 

Unit 

Test Condition 

Min 

Max 

Standby Supply Current 

Isbi 

■ 

2 

mA 

CS2S0.2V, CS1^Vcc-0-2V 
(CS2^0.2V or CS2>V cc -0.2V) 

IsB2 


5 

mA 

CSi=V, H or CS2=V| L 

Active Supply Current 

Icci 

■ 

70 

mA 

CS1=V^, CS2=V, H 

Vik=Vih or Vil, louT=0mA 

Operating Supply Current 

ICC2 

■ 

90 

mA 

Cyde=Min., Duty=100%, 

louT=0mA 

Input Leakage Current 

lu 

-10 

10 

pA 

V, N =0V to Vcc 

Output Leakage Current 


-50 

50 

pA 

Vi/o=0V to Vcc 

CS1 =V, H or CS2=V| L or OE=V, H or WE=V, L 

Output Hligh voltage 

VoH 

■31 


V 

Ioh = ~ 1 .0mA 

Output Low voltage 

V OL 


mm 

V 

loL=2.1mA 


Fig. 2 — AC TEST CONDITIONS 

• Input Pulse Levels: : 0.4V to 2.6V 

• Input Pulse Rise and Fall Times: : 5ns (Transition Time between 0.6V and 2.4V) 

. Timing Reference Levels: . |npu(; V|L=0 6V , V ,„=2.4V 

Output:V O L=0.8V, Vo„=2.0V 

Dout -v 

• Output Load: O 


* Including jig and stray capacitance 



Ri 

r 2 

c L 

Parameters Measured 

Loadl 

1.8KD 

990 Kf 2 

lOOpF 

except tcLZi toLZi tcHz. toHz, twiz and Lvhz 

Load II 

1.8Ka 

990 KQ 

5pF 

tcLZ, toLZ. tcHZ. toHZ. twLZ and twHZ 


< Output Load > 


+5V 

9 


T* 


r 2 
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MB8464A-10-W 

MB8464A-15-W 


AC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 
READ CYCLE 



*1 Transition is measured at the point of ±500mV from stady state voltage. 

READ CYCLE TIMING DIAGRAM 



Note: 1 ) WE is high for Read Cycle. 

2) Device is continuously selected, CSi=bE=V (L> CSa=ViH. 
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MB8464A-10-W 

MB8464A-15-W 


WRITE CYCLE 


Parameter 

Symbol 

M B8464A—1 0— W 

M B8464A-1 5-W 

Min 

Max 

Min 

Max 

Write Cycle Time 

twe 

100 


150 


Address Valid to End of Write 

Uw 

80 


100 


Chip Select to End of Write 

tew 

80 


100 


Data Valid to End of Write 

tow 

40 


50 


Data Hold Time 

toH 

5 


5 


Write Pulse Width 

twp 

80 


100 


Address Set Up Time 

Us 

0 


0 


Write Recovery Time 

twR 

10 


10 


Write Enable to Output Low-Z *1 

twLZ 

5 


5 


Write Enable to Output High-Z *1 

twHZ 


40 


50 


*1 Transition is measured at the point of ±500mV from stady state voltage. 


WRITE CYCLE TIMING DIAGRAM 


WRITE CYCLE I (WE CONTROLLED) 


OE 


CS, 


CSa 


WE 


Din 


Dqut 






' Us ' 


K 


HIGH-Z 


1 Uw • 


■ tew ■ 


* tew * 




' twp ■ 


Jf 


' tow ' 


" twR ' 



u twe * 


ADDRESS > 

? 

; 


^z 

ft 

,iZ 


' tpH 


DATA IN VALID 


twHZ 1J 


XXX 


X X P 


HIGH-Z 


z 


3 - 


twLZ 1 * “* 

— 1® 


HIGH-Z 


Note: 1 ) If OE, CS^ and CS 2 are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 

phase to the outputs must not be applied. 
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MB8464A-10-W 

MB8464A-15-W 



Note: 1 ) If OE, CS 2 and WE are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 

phase to the outputs must not be applied. 

2) If OE, CSi and WE are in the READ Mode during this period, I/O pins are in the output state so that the input signals of opposite 
phase to the outputs must not be applied. 
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MB8464A-10-W 

MB8464A-15-W 


DATA RETENTION CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 




Note: *1 CS 2 controlled: CS 2 ^0.2V 

CS; controlled: CSi>V DR -0.2V (CS 2 ^0.2V or CS 2 >V DR -0.2V) 

*2 CSz controlled: V dr =3.0V,CS2^).2V 

CSt controlled: V DR =3.0V, CS 1 >V DR -0.2V (CS 2 <0.2V or CS^V DR -0.2V) 
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MB8464A-10-W 

MB8464A-15-W 

PACKAGE D IMENSIONS 

32-PAD CERAMIC (METAL SEAL) LEADLESS CHIP CARRIER 
(CASE No.: LCC-32C-A02) 



Shape of PIN NO. 1 INDEX: Subject to change without notice. 


©1988 FUJITSU LIMITED C32011S-3C 
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MB8464A-10-W 

MB8464A-15-W 






MB8464A-10-W 

MB8464A-15-W 


PACKAGE DIMENSIONS (Continued) 

n 28-LEAD CERAMIC (METAL SEAL) DUAL IN-LINE PACKAGE 


(CASE No.: DIP-28C-A08) 



0° to 9° 



(0.25±0.05) 



© 1988 FUJITSU LIMITED D28020S-2C 


Dimensions in 
inches (millimeters) 
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Section 6 


CMOS SRAM Modules — At a Glance 


Page 

Device 

Maximum 
Access 
Time (ns) 

Capacity 

Package 

Options 


6-3 

MB85402-30 

30 

262144 bits 

36-pin 

Ceramic 

SIP 


-40 

40 

(16384w x 16b) 




6-11 

MB85403A-40 

40 

2097152 bits 

44-pin 

Ceramic 

SIP 


-50 

50 

(2621 44w x 8b) 




6-19 

MB8 5410-30 

30 

524288 bits 

60-pin 

Plastic 

ZIP 


-40 

40 

(65536W x 8b) 




6-27 

MB854 14-30 

30 

524288 bits 

64-pin 

Plastic 

ZIP 


-40 

40 

(16384w x 32b) 







(32768w x 16b) 
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MBS 54 20 -40 

40 

20971 52 bits 

60-pin 

Plastic 

ZIP 


-50 

50 

(2621 44w x 8b) 
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CMOS SRAM Modules 


Static RAM Data Book 
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MB85402-30 

MB85402-40 


TS255-B88Y 
NOV. 1988 


CMOS 16 , 384 Words x 16-Bit STATIC 
RANDOM ACCESS MEMORY MODULE 


The Fujitsu MB85402 is a fully decoded, CMOS Static 
random access memory module comprised of four 
MB81C75 devices mounted on a 36-pin ceramic board. 
Organized as four 16K x 4 devices, the MB85402 is op- 
timized for those applications requiring high speed, 
high performance, low power and high density. 

A separate output enable function provides maximum 
control for those systems where bus contention may 
be a problem. 

• Organized as 16,384 x 16-bit Words 

• Memory : MB81C75, 4 pcs 

• Access Time : 30 ns max (MB85402-30) 

40 ns max (MB85402-40) 

• Low Power Dissipation 

Standby: 220 mW max (CMOS level) 

440 mW max (TTL level) 

Active : 1760 mW max 

• Single +5V Power Supply, ±10% Tolerance 

• Automatic Power Down 

• TTL Compatible Input/Output Pins 

• 3-State Output 

• 36-Pin 100 MIL Ceramic DIP/SIP 


ABSOLUTE MAXIMUM RATING (See note.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

Vcc 

-0.5 to +7.0 

B 

Input Voltage 

VlN 

-3.5 to +7.0 

V 

Output Voltage 

v 0UT 

-0.5 to +7.0 

B 

Short Circuit 
Output Current 

I 0OT 

±20 

mA 

Power Dissipation 

PD 

4.0 

W 

Temperature 
under Bias 

t bias 

-10 to +85 

°C 

Storage 

Temperature 

t stg 

-65 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PIN ASSIGNMENT 


TOP 

VI 

EW 



DQ 0 

1 

C 

- 

] 

36 

V CC 

DQi 

2 

C 


3 

35 

DQl5 

dq 2 

3 

r- 

L 


"1 

J 

34 

°Ql4 

dq 3 

4 

r 

L 


T 

J 

33 

°Ql3 

A 0 

5 

r 

L. 


1 

J 

32 

°Ql2 

A 1 

6 

r 

L 


1 

31 

GND 

a 2 

7 

E 


9 

30 

*13 

a 3 

8 

■9 

K 


m 

m 

29 

a 12 

a 4 

9 

[ 


i 

28 

*ii 

a 5 

10 

C 


i 

27 

A 10 

a 6 

11 

r 


3— 

26 

a 9 

a 7 

12 

r 

L 


j 

25 

a 8 

dq 4 

13 

r 

c 


n 

J 

24 

DQn 

dq 5 

14 

r 

L 


-i 

j 

23 

°Qio 

DQe 

15 

r 

L 


n 

J 

22 

DQg 

dq 7 

16 

r 

«- 



21 

DQs 

re 

17 

c 


J 

20 

w 

GNO 

18 

c 


: 

19 





— 





This device contains circuitry to protect the 
inputs against damage due to*high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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MB85402-30 

MB85402-40 










FUJITSU MB85402-30 


llllllllllllllllllllllll MB85402-40 

CAPACITANCE (T a =25°c, f=iMHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

InputlCapacitance ( Vjisj=0V) 

C IN 


50 

PF 

I/O Capacitance (Vj/q =0V) 

O 

1— 1 

o 


15 

PF 


FUNCTIONAL TRUTH TABLE 


MODE 

ADDRESS 

IS 

BE 

OE 

I/O 

POWER 

STANDBY 

DON’T CARE 

VlH 

DON'T CARE 

DON'T CARE 

HIGH-Z 

STANDBY 

READ 


VlL 

VlH 

VlL 



OUTPUT DESABLE 

VALID 

VlL 

VlH 

VlH 

HIGH-Z 

ACTIVE 

WRITE 

VALID 

VlL 

VlL 

DON'T CARE 

d in 

ACTIVE 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Value 

Typ 

Max 

Unit 

Supply Voltage 

Vcc 

4.5 

5.0 

5.5 

V 

Supply Voltage 

GND 


0 


V 

Operating Temperature Range 

Ta 

0 

25 

70 

°C 







FUJITSU MB85402-30 

Sllinillllll MB85402-40 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Parameter (conditions) 

INPUT LEAKAGE CURRENT 

(V IN =0V to V CC ) 

OUTPUT LEAKAGE CURRENT 

(CS=V IH , V OUT =0V to V cc ) 


Symbol 

ILI 

I L0 




Max 

40 pA 

10 pA 






















FUJITSU 


MB85402-30 

MB85402-40 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 
READ CYCLE * 1 


Parameter 

Symbol 

MB85402-30 

MB85402-40 

Unit 

Min 

Max 

Min 

Max 

Read Cycle Time 

tRC 

30 


40 


ns 

Address Access Time * 2 

^AA 


30 


40 

ns 

CS Access Time * 3 

tACS 


30 


40 

ns 

OE Access Time * 3 

~ t 0E 


13 


15 

ns 

Output Hold from Address Change 

t_ 0H 

5 


5 


ns 

Output Hold from CS 

t OHC 

3 


3 


ns 

CS to Output Low-Z * 4 * 5 

t CLS ' 

5 


5 


ns 

OE to Output Low-Z * 4 * 5 

tOLZ 

0 


0 


ns 

CS to Output High-Z *“* 5 

t CHZ 


13 


15 

ns 

OE to Output High-Z *“* s 

tOHZ 


13 


15 

ns 

Power Up from CS 

t PU 

0 

[ 

0 


ns 

Power Down from CS 

r PD 


25 


30 

ns 


READ CYCLE TIMING DIAGRAM * l 


READ CYCLE I ' 2 


I 


ADDRESS VALID 


1 

h- t AA — ] 

! 1 

I- - tQH 

1 


DquT previous data valid } 

^ DATA valid ^ 



READ CYCLE H *3 


- l RC“ 


X 


ADDRESS VALID 


XL' 


cs 


X 


— ' AA 

— t ACS~ 


- t CLZ- 


HIGH-2 


X 


-'OE- 


-tQLZ- 


m 


£ 


£ 


|— tQHC — — | 


— t CHZ" 
_t OHZ 


~tpu~ 


SUPPLY 

CURRENT 


DATA VALID 

h*- tpD- 


](> 


50% ICC 

Undefined □ Don't Care 


HIGH-2 




Note: *1 
*2 
*3 
*4 
*5 


WE is high for Read cycle. __ __ 

Device is continuously selected, CS=Vjl, OE=Vtt,. 

Address valid prior to or coincident with CS transition low. 

Transition is measured at the point of ±500mV from steady state voltage. 
This parameter is specified with Load II in Fig. 2. 
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FUJITSU MB85402-30 

SllSlIilllOlllllIll MB85402-40 


AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 



Note: *1 If CS goes high simultaneously with WE high, the output remains in high 
impedance state. 

*2 All write cycle are determined from last address transition to the first 
address transition of the next address . 
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FUJITSU MB85402-30 

llinnilllll MB85402-40 


PACKAGE DIMENSIONS 

(Suffix: CVCT) 

36-LEAD CERAMIC MODULE 

(Case No. : MTP-36C-C0I) 





.080(2.03) REF. 


©1988 FUJITSU LIMITED M36003S-2C 


NOTE 

1 . Dimension in inches and 
(millimeters). 
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FUJITSU 256K x 8 CMOS SRAM MODULE 


MB85403A-40 

MB85403A-50 


TS261-A88Y 
Nov. 1988 


CMOS 262,144 Words x 8-Bit STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85403A is a fully decoded, CMOS static 
random access memory module consists of eight 
MB81C81A devices mounted on a 44-pin ceramic board. 
Organized as eight 256K x 1 devices, the MB85403 is 
optimized for those applications requiring high speed, 
high performance, large memory storage, and high 
density. 


• Organized as 262,144 x 8-bit Words 

• Memory : MB81C81A, 8 pcs 

• Access Time : 40 ns max (MB85403A-40) 

50 ns max (MB85403A-50) 

• Low Power Dissipation 

Standby: 660 mW max (CMOS level) 
1320 mW max (TTL level) 
Active : 5280 mW max 

• Single +5V Power Supply, ±10% Tolerance 

• Automatic Power Down 

• Dual Chip Select (x8 or x4 organization) 

• TTL Compatible Input/Output Pins 

• 3-State Output 

• 44-Pin 100 MIL Ceramic Twin SIP (TSIP) 


ABSOLUTE MAXIMUM RATING (See note.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

V 

Input Voltage 

VlN 

-3.5 to +7.0 

V 

Output Voltage 

v 0UT 

-0.5 to +7.0 

V 

Short Circuit 
Output Current 

I 0tJT 

±20 


Power Dissipation 

PD 

8.0 

D 

Temperature 
under Bias 

t bias 

-10 to +85 

H 

Storage 

Temperature 

t stg 

-65 to +150 

°C 


NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 



PIN ASSIGNMENT 


TOP 

VIEW 


GND 

l C 


I 44 

VCC 

DOUTO 

2 C 


□ 43 

DOUT7 

DINO 

3 C 


3 42 

DIN7 

A16 

4 C 


3 41 

AO 

A17 

5 C 


3 40 

A1 

A13 

6 C 


3 39 

A2 

GND 

7 C 


3 38 

A3 

DOUT1 

8 C 


3 37 

DOUT6 

DIN1 

9 C 


3 36 

DIN6 

A12 

10 [ 


3 35 

A4 

All 

nd 


3 34 

A7 

NC 

12 C 


3 33 

/WE 

/CSA 

13 C 


3 32 

/CSB 

D0UT2 

14 r 


3 31 

DOUT5 

DIN2 

is d 


3 30 

DIN5 

A14 

16 cj 


3 29 

GND 

A15 

17 d 


3 28 

A6 

A10 

18 C 


3 27 

A5 

A9 

19 C 


3 26 

A8 

DOUT3 

20 C 


3 25! 

DOUT4 

DIN3 

21 C 


3 24 

DIN4 

VCC 

22 C 

— 

3 23 

GND 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application^ of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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■HU 

FUJITSU MB85403A-40 

11191811191 MB85403A-50 


BLOCK DIAGRAM 


Chip 4 



Chip 6 


d IN6 d 0UT6 


d IN1 d 0UT1 d IN3 d 0UT3 d IN5 d OUT5 d IN7 d 0UT7 


Fig. 2 - BLOCK DIAGRAM for EACH MEMORY 


J ROW CELL ARRAY 

-IsELECT] (256 ROWS x 1024 COLUMNS) 


COLUMN I/O CIRCUIT 


COLUMN SELECT 


A 8 A 9 A 10 A n A 12 A 13 A 14 A 15 A 16 A 17 
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FUJITSU MB85403A-40 


11111111111111111111 MB85403A-50 

CAPACITANCE (t a =25°c, f=iMHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance (except CS^, CSg) 

C IN 


100 

pF 

Input Capacitance (CS^+CSg) 

Ccs 


120 

P F 

Output Capacitance 

c OUT 


20 

pF 


FUNCTIONAL TRUTH TABLE 


MODE 

ADDRESS 

CS A 

CS B 

WE 

INPUT 

OUTPUT 

POWER 

STANDBY 

DON'T CARE 

VlH 

VlH 

DON’T CARE 

HIGH-Z 

HIGH-Z 

STANDBY 

WRITE 

VALID 

VlL 

VlL 

VlL 

d IN 

HIGH-Z 

ACTIVE 

READ 

VALID 

VlL 

VlL 

VlH 

HIGH-Z 

d out 

ACTIVE 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Value 

Typ 

Max 

Unit 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Supply Voltage 

GND 


0 


V 

Operating Temperature Range 

Ta 

0 

25 

70 

°C 
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FUJITSU MB85403A-40 

llllllllinili MB85403A-50 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Parameter (conditions) 

INPUT LEAKAGE CURRENT 

(V IN =OV to V CC ) 


OUTPUT LEAKAGE CURRENT 
(CS=V IH , v OUT =ov to v cc ) 

STANDBY POWER SUPPLY CURRENT 


Symbol 


CMOS level 
TTL level 
MB85403A-40 
MB85403A-50 


ACTIVE POWER SUPPLY CURRENT 

(CS=V IL , I OUT =0mA) MB85403A-50 

PEAK POWER ON SUPPLY CURRENT 

(CS=Lower of Vqq, or Vjj|) 


Input High Level 
Input Low Level • ** 


OUTPUT HIGH LEVEL (I 0H =-4mA) V 0H 

OUTPUT LOW LEVEL (I 0L =16mA) V 0L 

Note: V?1 -3.0V min. for pulse width less than 20ns. 


Fig. 3 - AC TEST CONDITIONS 
: 0.6V to 2.4V 


Ili 

-80 

I L0 

-50 

I SB1 


I SB2 




I CC 


X P0 


VlH 


VlL 



• Input Pulse Levels 

• Input Rise and Fall Times 

• Timing Reference Levels 

• Output Load : 


d out(Q) 




: 5ns 

: V IL /V OL =0.8V, V ih /V 0H =2.2V 



Rl 


xoos 

30pF 

loon 

5pF 
















FUJITSU 


MB85403A-40 

MB85403A-50 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 

READ CYCLE * l 


Parameter 

Read Cycle Time * 2 

Address Access Time 

CS Access Time * 3 

Output Hold from Address Change 

CS to Output Low-Z * 4 * 5 

CS to Output High-Z ***** 

Power Up from CS 

Power Down from CS 


Svmhn 1 

MB85403A-40 | 

MB85403A-50 | 

Uni 

& V IUL/U JL 

Min 

Max 

Min 

Max 


tRC 

40 


50 


ns 

t AA 


40 


50 

ns 

-t ACS 


40 


50 

ns 

t 0H 

5 


5 


ns 

z LZ 

5 


5 


ns 

r HZ 

0 

25 

0 

30 

ns 

tpu 

0 


o 


ns 

tpD 


40 


50 

ns 


READ CYCLE TIMING DIAGRAM * l 


READ CYCLE I: ADDRESS CONTROLLED 



d out previous data valid 


READ CYCLE II: CS CONTROLLED 


VALID ^ 


1 



/ 

It 

*HZ 

>oo< 

DATA valid 

HIGH-Z 



— tpD — *~j 


Note: *1 WE is high during Read cycle. __ 

*2 Device is continuously selected, CS=Vil. 

*3 Address valid prior to or coincident with CS transition low. 

*4 Transition is measured at the point of ±500mV from steady state voltage 
*5 This parameter is specified with Load II in Fig. 3. 




FUJITSU MB85403A-40 

linilllinilllll MB85403A-50 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE * l 


Parameter 


Symbol 


MB85403A-40 
Min I Max 


MB85403A-50 













FUJITSU MB85403A-40 

illllliniinillll MB85403A-50 


AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE TIMING DIAGRAM 



Note: *1 CS or WE must be high during address transitions. 

*2 All write cycle are determined from last address transition to the first 
address transition of the next address . 
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October 1989 
Edition 1.0 


FUJITSU 

MB85410-30/-40 

64K x 8 CMOS SRAM MODULE 


CMOS 65,536 WORDS x 8-BIT HIGH SPEED STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85410 is a fully decoded, CMOS static random access memory module 
consists of eight MB81C71A devices mounted on a 60-pin plastic board. 

Organized as eight 64K x 1 devices, the MB85410 is optimized for those applications 
requiring high speed, high performance, large memory storage, and high density. 

• Organized as 65,536 x 8-bit Words 

• Memory: MB81C71A, 8 pcs 

• Access Time: 30 ns max (MB854 10-30) 

40 ns max (MB8541 0-40) 

• Low Power Dissipation 

Standby : 440 mW max (CMOS level) 

880 mW max (TTL level) 

Active : 3200 mW max 

• Single +5V Power Supply, ±10% Tolerance 

• Automatic Power Down 

• Dual Chip Select (x8 or x4 organization) 

• TTL Compatible Input/Output Pins 

• 3-State Output 

• Decoupling Capacitor: ,22pF, 6 pcs 

• 60-Pin Plastic(FR-4) ZIP 


ABSOLUTE MAXIMUM RATINGS (see NOTE.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

V cc 

-0.5 to +7.0 

V 

Input Voltage 

V|N 

-3.5 to +7.0 

V 

Ouput Voltage 

v 

v ourr 

-0.5 to +7.0 

V 

Output Current 

1 OUT 

±50 

mA 

Power Dissipation 

p o 

8.0 

W 

Temperature under Bias 

T BIAS 

-10 to +85 

°C 

Storage Temperature 

T stg 

-45 to +125 

°C 



PIN ASSIGNMENT 
TOP VIEW 


PDO (GND) 

2 C 

NC 

4 C 

VCC 

6 C 

DO 

8 C 

QO 

10 C 

A0 

12 C 

A2 

14 C 

A4 

16 C 

A6 

18 C 

VSS 

20 n 

D2 

22 c 

Q2 

24 C 

WE 

26 C 

NC 

28 C 

CS1 

30 C 

NC 

32 C 

NC 

34 C 

VCC 

36 C 

D4 

38 C 

Q4 

40 C 

A8 

42 C 

A10 

44 C 

A12 

46 C 

A14 

48 C 

NC 

50 C 

D6 

52 C 

Q6 

54 C 

NC 

56 C 

NC 

58 C 

VSS 

60 C 


□ i 
3 3 

□ 5 

□ 7 

□ 9 

□ 11 

□ 13 
3 15 
3 17 

□ 19 

3 21 

3 23 
1 25 
3 27 

□ 29 


3 31 

□ 33 
3 35 

□ 37 
3 39 

3 41 

3 43 
3 45 

□ 47 
3 49 
3 51 
3 53 
3 55 
3 57 
3 59 


VSS 

PD1 (OPEN) 

NC 

D1 

Q1 

NC 

A1 


D3 

Q3 

VCC 

NC 

NC 


£52 

NC 

NC 

D5 

Q5 

VSS 

A9 

All 

A13 

A15 

D7 

Q7 

VCC 



NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB85410-30 
MB854 10-40 



°IN1 °0UT1 °IN3 D OUT3 D INS D OUT5 °IN7 D OUT7 


Fig. 2 - BLOCK DIAGRAM FOR EACH MEMORY 
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MB854 10-30 
MB 854 10-40 


CAPACITANCE 


(T A = 25° C, f = 1 MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, Address and WE 

c «, 


80 

pF 

Input Capacitance, CSi and CS 2 

C IN2 


40 

PF 

Input Capacitance, D jN 

C IN3 


10 

PF 

Output Capacitance, D out 

C OUT 


10 

pF 


FUNCTIONAL TRUTH TABLE 


Mode 

Address 

CSi 

cs 2 

WE 

Input 

Output 

Power 

Standby 

Don’t Care 

V ,H 

V ,H 

Don’t Care 

High-Z 

High -Z 

Standby 

Write 

Valid 

V, L 

V, L 

V,L 

Din 

High-Z 

Active 

Read 

Valid 

v ,u 

V 

V IH 

High-Z 

D OUT 

Active 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Supply Voltage 

GND 


0 


V 

Operating Temperature Range 

t a 

0 

25 

70 

ma 
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MB854 10-30 
MB854 10-40 


Standby Power Supply Current 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Parameter (conditions) 


Input Leakage Current (Vin = 0V to Vcc ) 


Output Leakage Current (CS = V tH 0V to Vcc) 


CMOS level 


TTL level 


Active Power Suppry Current (CS = V, L , Iqut = 0mA) 


Peak Power on Supply Current (CS = Lower of Vcc, or Vih ) 


Input High Level 


Input Low Level * i 


Output High Level (1^ = - 4mA) 


Output Low Level (I ^ 16mA) 


Note : * i - 2.0V min. for pulse width less than 20ns. 



Fig. 3 - AC TEST CONDITIONS 


• Input Pulse Levels 

• Input Rise and Fall Times 

• Timing Reference Levels 

• Output Load: 


0.6V to 2.4V 

5ns(Transient between 0.8V and 2.2V) 
1.5V (Input and Output) 


■ C L > 255ft 


(Including Scope and 
Jig Capacitance) 



C L 

Load I 

30pF 

Load n 

5pF 






















































MB85410-30 

MB85410-4Q 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 
READ CYCLE 



READ CYCLE TIMING DIAGRAM 



Note: * i Device is continuously selected, CS = V , L . 

*2 Address valid prior to or coincident with CS transition low. 

* 3 Transition is measured at the point of ± 500mV from steady state voltage. 
*4 This parameter is specified with Load n in Fig. 3. 
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MB85410-30 

MB85410-40 


AC CHARACTERISTICS (Continued) 


(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE m 



Note: * i 1f "CS goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the next address. 
* 3 Transition is measured at the pant of ± 500mV from steady state voltage. 

*4 This parameter is specified with Load n in Fig. 3. 
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MB854 10-30 

MB85410-40 

AC CHARACTERISTICS (Continued) 

(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE TIMING DIAGRAM 








MB85410-30 

MB85410-40 


PACKAGE DIMENSIONS 

(Suffix: -PJPZ) ___ 

60-LEAD PLASTIC MODULE 

(Case No. : MZP-60P-P02) 
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mu 

■ » r 

iiiiiiiiii! 

rsu 

16K x 32 CMOS SRAM MODULE 

MB85414-30 

MB85414-40 

1111 

IIIIIIIIIIIL 


L======== Hill 


TS260-A88Y 
Nov. 1988 


CMOS 16 , 384 Words x 32-Bit HIGH SPEED 
STATIC RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85414 is a fully decoded, CMOS static 
random access memory module consists of nine MB81C75A 
devices mounted on a 64-pin plastic board. 

Organized as eight 16K x 4 devices , the MB85414 is 
optimized for those applications requiring high speed, 
high performance, wide word width, and high density. 


• Organized as 16,384 x 32-bit Words 

• Optional organization as 32,768 x 16-bit 

• Memory : MB81C75A, 8 pcs 

• Access Time : 30 ns max (MB85414-30) 

40 ns max (MB85414-40) 

• Low Power Dissipation 

Standby: 440 mW max (CMOS level) 
880 mW max (TTL level) 
Active : 3520 mW max 

• Single +5V Power Supply, ±10% Tolerance 

• Automatic Power Down 

• TTL Compatible Input/Output Pins 

• 3-State Output 

• Decoupling Capacitor : . 22pF, 8 pcs 

• 64-Pin Plastic (FR-4) ZIP 


ABSOLUTE MAXIMUM RATING (See note.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

v cc 

-0.5 to +7.0 

B 

Input Voltage 

VlN 

-3.5 to +7.0 

V 

Output Voltage 

v 0UT 

-0.5 to +7.0 

B 

Short Circuit 
Output Current 

I 0OT 

±50 

mA 

Power Dissipation 

PD 

8.0 

W 

Temperature 
under Bias 

t bias 

-10 to +85 

°C 

Storage 

Temperature 

t stg 

-45 to +125 

°C 


• NOTE: Permanent device damage may occur if ABSOLUTE MAXIMUM 
RATINGS are exceeded. Functional operation should be restricted to 
the conditions as detailed in the operational sections of this data 
sheet. Exposure to absolute maximum rating conditions for extended 
periods may affect device reliability. 




PLASTIC PACKAGE 
MZP-64P-P01 


PIN ASSIGNMENT 

TOP VIEW 


PDO(GND) 

DQ0 

DQ1 

DQ2 

DQ3 

VCC 

A6 

A10 

A3 

DQ8 

DQ9 

DQ10 

DQ11 

WE 

NC 

CSl 


CS3 

NC 

VSS 

DQ16 

DQ17 

DQ18 

DQ19 

A1 

A9 

AO 

A12 

DQ24 

DQ25 

DQ26 

DQ27 

VSS 


2 C 

4 C 

6 C 
8 C 
10 C 
12 C 
14 C 
16 c 
18 C 
20 C 
22 c 
24 c 
26 C 
28 c 

30 C 
32 C 


3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 

3 


34 C 
36 C 
38 C 
40 C 
42 C 
44 C 
46 C 
48 C 
50 C 
52 C 
54 C 
56 C 
58 C 
60 C 
62 C 
64 C 


l 

VSS 

3 

PD1 (OPEN) 

5 

DQ4 

7 

DQ5 

9 

DQ6 

11 

DQ7 

13 

A7 

15 

A5 

17 

All 

19 

DQ12 

21 

DQ13 

23 

DQ14 

25 

DQ15 

27 

VSS 

29 

NC 

31 

CS2 

33 

CS4 

35 

NC 

37 

OE 

39 

DQ20 

41 

DQ21 

43 

DQ22 

45 

DQ23 

47 

A2 

49 

A4 

51 

A13 

53 

VCC 

55 

A8 

57 

DQ28 

59 

DQ29 

61 

DQ30 

63 

DQ31 


This device contains circuitry to protect the 
inputs against damage due to high static volt- 
ages or electric fields. However, it is advised 
that normal precautions be taken to avoid 
application of any voltage higher than maxi- 
mum rated voltages to this high impedance 
circuit. 
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FUJITSU MB85414-30 
Kilinill HB85414-40 















IllSillilll 

FUJITSU MB85414-30 


fllllilllimilllillllll MB85414-40 

CAPACITANCE (t a =25°c, f=iMHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, ADDRESS 

C IN1 


80 

pF 

Input Capacitance, CS 

C IN2 


30 

pF 

Input Capacitance, WE and OE 

C IN3 


80 

pF 

Input Capacitance, I/O 

c I/0 


12 

pF 


FUNCTIONAL TRUTH TABLE 


MODE 

ADDRESS 

CS 

BE 

SE 

I/O 

POWER 

STANDBY 

X 

VlH 

X 

X 

HIGH-Z 

STANDBY 

OUTPUT DISABLE 

VALID 

VlL 

VlH 

VlH 

HIGH-Z 

ACTIVE 

WRITE 

VALID 

V IL 

VlL 

X 

HIGH-Z 

ACTIVE 

READ 

VALID 

VlL 

VlH 

VlL 

Dqut 

ACTIVE 


X can be either Vjjj or Vj^. 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Min 

Value 

Typ 

Max 

Unit 

Supply Voltage 

v cc 

4.5 

5.0 

5.5 

V 

Supply Voltage 

GND 


0 


V 

Operating Temperature Range 

Ta 

0 

25 

70 

°C 





FUJITSU MB85414-30 

IIISDIIIDIIIII MB85414-40 


DC CHARACTERISTICS 

(Recommended operating conditions unless otherwise noted) 


Parameter (conditions) 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

INPUT LEAKAGE CURRENT 
( V IN =0V to V CC) 

ILI 

-80 


80 

pA 

OUTPUT LEAKAGE CURRENT 
(CS=Vj H > V 0U T=0V to V CC ) 

I LO 

-10 


10 

pA 

STANDBY POWER SUPPLY CURRENT 

CMOS level 

I SB1 



80 

mA 

TTL level 

I SB2 



160 

mA 

ACTIVE POWER SUPPLY CURRENT 
(CS= v il, IouT =0mA ) 

I CC1 



480 

mA 

OPERATING SUPPLY CURRENT 
(Cycle=Min., Iou^OmA) 

m 


M 

640 


Input High Level 

■B 

2.2 


6.0 

V 

Input Low Level ** 

VlL 

-0.5 


0.8 

a 

OUTPUT HIGH LEVEL (I 0H =-4mA) 

V 0H 

2.4 



a 

OUTPUT LOW LEVEL (I 0L =8mA) 

Vql 



0.4 

V 


Note: * l -2.0V min. for pulse width less than 20ns. 


Fig. 3 - AC TEST CONDITIONS 


• Input Pulse Levels 

• Input Rise and Fall Times 

• Timing Reference Levels 


0V to 3V 

5ns (Transient between 0.8V and 2.2V) 
1.5V (Input and Output) 


• Output Load : 




c L 

Load I 

30pF 

Load II 

5pF 


(Including Scope and 
Jig Capacitance) 

















FUJITSU 


MB8 5414-30 
MB85414-40 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 

READ CYCLE 


Parameter 

Read Cycle Time ** 

Address Access Time 

CS Access Time * 2 

0E Access Time * 2 

Output Hold from Address Change 
Output Hold from Output Disable 

CS to Output Low-Z * 3 * 4 

OE to Output Low-Z * 3 * 4 

CS to Output High-Z * 3 * < * 

OE to Output High-Z * 3 * < * 

Power Up from CS 

Power Down from CS 


Svmbo 1 

| MB85414-30 | 

1 MB85414-40 ] 

Unit 

V IIIUU 1 

Min 

Max 

Min 

Max 


“^RC 1 

30 


40 


ns 



30 


40 

ns 

tACS 


30 


40 

ns 

~^0E 


15 


20 

ns 

t 0H 

5 


5 


ns 

tOHC 

3 


3 


ns 

tCLZ 

5 


5 


ns 

t 0LZ 

0 


0 


ns 

t CHZ 


10 


15 

ns 

tOHZ 


10 


15 

ns 

tpu 

0 


0 


ns 

^PD 


20 


30 

ns 


READ CYCLE TIMING DIAGRAM 


READ CYCLE I 


ADDRESS -r .J 'V' ; 


t RC 

ADDRESS VALID 


I— t AA 

PREVIOUS DATA VALID 


READ CYCLE H 



SUPPLY 

CURRENT 


| Undefined □ Don't Care 


Note: *1 Device is continuously selected, CS=Vjl* _ 

*2 Address valid prior to or coincident with CS transition low. 

*3 Transition is measured at the point of ±500mV from steady state voltage 
*4 This parameter is specified with Load II in Fig. 3. 



Him 

FUJITSU MB85414-30 

ISllllIlflinil MB85414-40 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 

WRITE CYCLE ** 


Parameter 


Symbol 


■w 


MB85414-30 


Min 


Max 


MB85414-40 


Min 


Max 


Unit 


Write Cycle Time * 2 


Taw" 


30 


40 


Address Valid to End of Write 


25 


35 


CS to End of Write 


T CW 


25 


35 


Data Hold Time 


Tdh 


Write Pulse Width 


t WP 


20 


30 


Data Valid to End of Write 


Tow 


15 


20 


Address Setup Time 


"Eas~ 


Write Recovery Time 
Output High-Z from WE 


tWR 


t WHZ 


10 


15 


Output Low-Z from WE * 3 * 4 


■tWLZ 


20 


30 


WRITE CYCLE TIMING DIAGRAM 

WRITE CYCLE I: WE CONTROLLED 


'C 












5m Undefined 





MB85414-30 
MB854 14-40 


PACKAGE DIMENSIONS 

(Suffix: PJPZ) 
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November 1989 
Edition 1.0 


c P 


: ... - DATASHEET zz— 

MB 85420-40-50 

256K x 8 CMOS SRAM MODULE 



CMOS 262,144 WORDS x 8-BIT HIGH SPEED STATIC 
RANDOM ACCESS MEMORY MODULE 

The Fujitsu MB85420 is a fully decoded, CMOS static random access memory module 
consists of eight MB81C81A devices mounted on a 60-pin plastic board. 

Organized as eight 256K x 1 devices, the MB85420 is optimized for those applications 
requiring high speed, high performance, large memory storage, and high density. 

• Organized as 262,144 x 6-bit Words 

• Memory: MB81C81A, 8 pcs 

• Access Time: 40 ns max (MB85420-40) 

50 ns max (MB85420-50) 

• Low Power Dissipation 

Standby : 660 mW max (CMOS level) 

1320 mW max (TTL level) 

Active : 5280 mW max (MB85240-40) 

4400 mW max (MB854 20-50) 

• Single +5V Power Suppry, ±10% Tolerance 

• Automatic Power Down 

• Dual Chip Select (x8 or x4 organization) 

• TTL Compatible Input/Output Pins 

• 3-State Output 

• Decoupling Capacitor: .22pF, 8pcs 

• 60-Pin Plastic(FR-4) ZIP 

• Upgrade version of MB85410 


ABSOLUTE MAXIMUM RATINGS (see NOTE.) 


Rating 

Symbol 

Value 

Unit 

Supply Voltage 

V cc 

-0.5 to +7.0 

n 

Input Voltage 

V 1N 

—3.5 to +7.0 

V 

Output Voltage 

V OUT 

-0.5 to +7.0 


Output Current 

1 OUT 

±20 

mA 

Power Dissipation 

P D 

8.0 

W 

Temperature under Bias 

T BIAS 

-10 to +85 

mm 

Storage Temperature 

t stg 

-45 to +125 

^ 9 ! 




NOTE: Permanent device damage may occur if the above Absolute Maximum 
Ratings are exceeded. Functional operation should be restricted to the 
conditions as detailed in the operational sections of this data sheet. Exposure to 
absolute maximum rating conditions for extended periods may affect device 
reliability. 


This device contains circuitry to protect the inputs against 
damage due to high static voltages or electric fields. However, it 
is advised that normal precautions be taken to avoid application 
of any voltage higher than maximum rated voltages to this high 
impedance circuit. 
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MB85420-40 

MB85420-50 
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MB85420-40 

MB85420-50 


CAPACITANCE 


(T a = 25° C, f = 1 MHz) 


Parameter 

Symbol 

Typ 

Max 

Unit 

Input Capacitance, Address and WE 

C |N1 


70 

pF 

Input Capacitance, CSi and CS 2 

C IN2 


45 

PF 

Input Capacitance, D )N 

C IN3 


9 

PF 

Outout Capacitance, D out 

C OUT 


12 

PF 


FUNCTIONAL TRUTH TABLE 


Mode 

Address 

CSn 

cs 2 

WE 

Input 

Output 

Power 

Standby 

Don’t Care 

V ,H 

V ,H 

Don’t Care 

High-2 

High -Z 

Standby 

Write 

Valid 

V,L 

V,L 

V, L 

Din 

High-Z 

Active 

Read 

Valid 

V .L 

V ,L 

V ,H 

High-Z 

d out 

Active 


RECOMMENDED OPERATING CONDITIONS 

(Referenced to GND) 


Parameter 

Symbol 

Value 

Unit 

Min 

Typ 

Max 

Supply Voltage 

^cc 

4.5 

5.0 

5.5 

V 

Supply Voltage 

GND 


0 


V 

Operating Temperature Range 

T * 

0 

25 

70 

°c 
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MB854 20-40 
MB85420-50 


DC CHARACTERISTICS 

(Recommended operating conditipns unless otherwise noted) 




Symbol 

Values 

Unit 

rarameier ^onamons; 

Min 

Typ 

Max 

Input Leakage Current (V| N = 0V to V C c ) 

»L. 

-80 


80 

pA 

Output Leakage Current (CS = V iH ,V 0 ut= 0V to V cc ) 

1 LO 

-50 


50 

pA 

Standby Power Supply Current 

CMOS level 

1 SB1 



120 

mA 

TTL level 

1 SB2 



240 

mA 

Active Power Suppry Current 

MB85420— 40 




960 

mA 

(CS = V il ,1 qut= 0mA) 

MB85420-50 

1 cc 



800 

mA 

Peak Power on Supply Current (CS = Lower of V cc , or V )H ) 

1 PO 



240 

mA 

Input High Level 

V,H 

2.2 


6.0 

V 

Input High Level * i 

V ,L 

-0.5 


0.8 

V 

Output High Level (l OH = - 4mA) 

V OH 

2.4 



V 

Output Low Level (1 0L = 16mA) 

V 



0.4 

V 


Note : * i - 3.0V min. for pulse width less than 20ns. 


Fig. 3 - AC TEST CONDITIONS 


• Input Pulse Levels 

• Input Rise and Fall Times 

• Timing Reference Levels 

• Output Load: 


0.6V to 2.4V 

v" L S /V 0L = 0.8V, V lw /V nM = 2.2V 


' IH ' v OH = 


+ 2V 


=t=C, 




c L 

Load I 

loon 

30pF 

Load n 

^oon 

5pF 





























































MB85420-40 
MB 854 20-50 


AC CHARACTERISTICS 

(At recommended operating conditions unless otherwise noted.) 
READ CYCLE 



READ CYCLE TIMING DIAGRAM 



Note: * i Device is continuosly selected, CS = V| L . 

* 2 Address valid prior to or coincident with CS transition low. 

* 3 Transition is measured at the point of ± 500mV from steady state voltage. 

* 4 This parameter is specified with Load n in Fig. 3. 
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MB 85420-40 
MB85420-50 


AC CHARACTERISTICS (Continued) 


(At recommended operating conditions unless otherwise noted.) 
WRITE CYCLE m 



WRITE CYCLE TIMING DIAGRAM 



Note: * 1 1f 752 goes high simultaneously with WE high, the output remains in high impedance state. 

*2 All write cycle are determined from last address transition to the first address transition of the next address. 
*3 Transition is measured at the point of ± 500m V from steady state voltage. 

*4 This parameter is specified with Load n in Fig. 3. 
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AC CHARACTERISTICS (Continm 

(At recommended operating conditions unless otherwise no 


WRITE CYCLE TIMING DIAGRAM 




MB85420-40 

MB85420-50 






MB 85420-40 
MB85420-50 


PACKAGE DIMENSIONS 

(Suffix: -PJPZ) 



60-LEAD PLASTIC MODULE 

(Case No. : MZP-60P-P02) 



1. Dimension in inches and 
(millimeters). 

©1989 FUJITSU LIMITED M60006S-3C 2 Pin no i ; Back side 
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7-3 Quality Control at Fujitsu 
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Quality and Reliability 


Static RAM Data Book 
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Static RAM Data Book 


Quality and Reliability 


Quality Control at Fujitsu 


Built-in Quality and Reliability 

Fujitsu’s integrated circuits work. The reason they work is 
Fujitsu’s single-minded approach to built-in quality and reliability, 
and its dedication to providing components and systems that 
meet exacting requirements allowing no room for failure. 

Fujitsu’s philosophy is to build quality and reliability into every 
step of the manufacturing process. Each design and process is 
scrutinized by individuals and teams of professionals dedicated 
to perfect ton. 

The quest for perfection does not end when the product leaves 
the Fujitsu factory. It extends to the customer’s factory as well, 
where integrated circuits are subsystems of the customer’s final 
product. Fujitsu emphasizes meticulous interaction between the 
individuals who design, manufacture, evaluate, sell, and use its 
products. 

Quality control for all Fujitsu products is an integrated process 
that crosses all lines of the manufacturing cycle. The quality 
control process begins with inspection of all incoming raw 
materials and ends with shipping and reliability tests following 
final test of the finished product. Prior to warehousing, Fujitsu 
products have been subjected to the scrutiny of man, machine, 
and technology, and are ready to serve the customer in the 
designated application. 
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Quality and Reliability 


Static RAM Data Book 


Quality Control Processes at Fujitsu 


Process 


Inspection of Incoming Material 
Wafer Processing 


Check Items 

Inspection of Wafers, 

Masks, Packages, Piece 
Parts, Chemicals, Etc 
Wafer Surface Inspection 

Sample Tests of Thickness, 

Surface Resistance, Diffusion 
Depth, Electrical Parameters, and Doping 

Wafer Surface and Pattern Inspection 
Wafer Surface Inspection, 

Monitor Test of Film Thickness 

Wafer Surface Inspection, 
Monitor Test of Film Thickness 

Test of Electrical Characteristics, Stress Test 


Diffusion/Ion Implantation 
Photoetching 

Metallization 


Passivation (Insulating Layer Formation) 
Probing Test 

Wafer Shipping Inspection 
Dicing (CHIP Separation) 



Wafer Surface and Pattern 
Sampling Inspection 


Visual and Surface Inspection 
Sample Surface Inspection I 


CHIP Selection 

CHIP Shipping Inspection 


Assembly 
Die Bonding 


Wire Bonding 


Bond-Wetting and Surface Inspection, Monitor Test of T 

for Machine Calibration 

Bond-Position and Surface Inspection, Sample Wire Bond Strength Test, 
Monitor Test of Sample run for Machine Calibration 

Internal Visual Inspection 


Internal Sampling Visual Inspection 


Pre-Cap Visual 
Inspection 


Internal Merchant 
Inspection 


Continued on next page 
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Quality and Reliability 


Quality Control Processes at Fujitsu (Continued) 



Legend: 


O 

Production Process 

□ 

Test/Inspection 

□ 

Production Process 
and Test/Inspection 

O 

QC Gate (Sampling) 

Note: 

The flow sequence may vary slightly 
with individual product type. 
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1C Module Ordering Code (Part Number) 
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1C Module Package Codes 

8-5 

Wide Temperature 1C Ordering Code (Part Number) 

8-5 

Wide Temperature 1C Package Codes 
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Ordering Information 


Static RAM Data Book 
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Static RAM Data Book 


Ordering Information 


IC Product Marking 



Note: Marking formats may vary, depending on the product. The country of origin appears on ail finished parts. 

IC Ordering Code (Part Number) 

MB XXXXX -1 P 

Package Code (See Package Codes below) 

— Speed Designator (When applicable) 

Device Type 

Manufacturer Designator 

MB Identifies an IC designed and manufactured by Fujitsu that uses a Fujitsu -designated device number. 

MBM Identifies an IC designed and manufactured by Fujitsu that uses a device number designated by the industry 

to be the industry standard number. 

Note: Please contact your nearest Fujitsu sales office, representative, or distributor for exact part number/order information. 

IC Package Codes 


Ceramic 

Package Type 

Package Code 

LCC (Leadless Chip Carrier) 

TV,CV 

PGA (Pin Grid Array) 

CR 

DIP (Side Brazed) 1 

C 

DIP (CERDIP) 2 

z 

Shrink DIP 

CSH 

Flatpack, Metal Seal 

CF 

Flatpack, Glass Seal 

ZF 

SOJ (Single Outline Junction) 

CJ 


Plastic 

Package Type 

Package Code 

LCC (Leadless Chip Carrier) 

PV 

PLCC (Leaded Chip Carrier) 

PD 

PGA (Pin Grid Array) 

PR 

DIP (Dual In-line Package) 

P,M 

Shrink DIP 

PSH 

Flatpack 

PF 

Single In-line, straight leads 

PS 

Single in-line, zig-zag leads 

PSZ.PZ 

SOJ (Single Outline Junction) 

PJ 


I 

CERDIP 

1 

rr 



II \ 


Side Brazed 
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Static RAM Data Book 


IC Module Ordering Code (Part Number) 
mb xxxxx -YYPP 

T“T"T^ Module Code (See Module Codes below) 

— Speed Designator (When applicable) 

Device Type 

L - Manufacturer Designator 

MB identifies an IC designed and manufactured by Fujitsu that uses a Fujitsu-designated device number. 

MBM Identifies an IC designed and manufactured by Fujitsu that uses a device number designated by the industry 

to be the industry standard number. 

Note: Please contact your nearest Fujitsu sales office, representative, or distributor for exact part number/order information. 


IC Module Package Codes 


Ceramic 


Plastic 

Package Type 

Module Code 


Package Type 

Module Code 

Ceramic dual leads 

CDL 


Single in-line, leads 

PL 



Single in-line, zig-2ag leads 

PZ 



Single in-line, pads 

PS 
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Ordering Information 


Wide Temperature Range 1C Ordering Codes (Part Number) 

MB XXXXX -YY W SC 

883C Processing Designator 
L— Temperature Range Designator * 

— Speed Designator (When applicable) 

Device Type 

Manufacturer Designator 

MB Identifies an 1C designed and manufactured by Fujitsu that uses a Fujitsu-designated device number. 
*W Indicates wide temperature range; see product specifications for exact temperature information. 

Note: Please contact your Fujitsu sales office for exact part number/order information. 


Wide Temperature Range iC Package 


Ceramic 

Package Type 

Package Code 

DIP (CERDIP) 

z 

DIP (Side Brazed) 

c 

Flatpack 

F(ZF), 

LCC (Leadless Chip Carrier) 

V (CV), TV 
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Introduction to Fujitsu 


Fujitsu Limited 


Fujitsu Limited, headquartered near Tokyo, Japan, is the largest 
supplier of computers in Japan and is among the top ten 
companies operating in Japan. Fujitsu is also one of the world’s 
largest suppliers of telecommunications equipment and 
semiconductor devices. 

Established in 1935 as the Communications Division spinoff of 
Fuji Electric Company Limited, Fujitsu Limited, in 1985, 
celebrated 50 years of service to the world through the develop- 
ment and manufacture of state-of-the-art products in data 
processing, telecommunications and semiconductors. 

Fujitsu has five plants in key industrial regions in Japan covering 
all steps of semiconductor production. Five wholly-owned 
Japanese subsidiaries provide additional capacity for production 
of advanced semiconductor devices. Two additional facilities 
operate in the U.S. and one in Europe to help meet the growing 
worldwide demand for Fujitsu semiconductor products. 
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Introduction to Fujitsu (Continued) 


Fujitsu Microelectronics, Inc. 

Fujitsu Microelectronics, Inc. (FMI), with headquarters in San 
Jose, California, was established in 1979 as a wholly-owned 
Fujitsu Limited subsidiary for the marketing, sales, and distribu- 
tion of Fujitsu integrated circuit and component products. Since 
1979, FMI has grown to include one research and development 
division, two marketing divisions, two manufacturing divisions 
and a subsidiary. FMI offers a complete array of semiconductor 
products for its customers. 

The Advanced Products Division (APD) is responsible for the 
complete product development cycle, from design through 
operations support and worldwide marketing and sales. Products 
are the result of both internal development and external 
relationships, such as joint development agreements, technology 
licenses, and joint ventures. The SPARC™ RISC processor was 
developed by both APD and Sun Microsystems, Inc. 

In addition to designing and selling a full line of SPARC 
processors and peripheral chips, APD also designed and is 
selling the EtherStar™ LAN controller — the first VLSI device to 
integrate both StarLAN™ and Ethernet® protocols into one 
device. The core of APD’s EtherStar chip was the result of APD’s 
cooperative venture with Ungermann-Bass. 

The Microwave and Optoelectronics Division (MOD) markets 
GaAs, FETs, and FET power amplifiers, lightwave and micro- 
wave devices, optical devices, emitters, and SI transistors. 

The largest FMI marketing division is the Integrated Circuits 
Division (ICD). 

Memory and programmable devices marketed by ICD include the 
following: 

DRAMs and DRAM Modules 

EPROMs 

EEPROMs 

NOVRAMs 

CMOS masked ROMs 

CMOS SRAMs and CMOS SRAM Modules 

BiCMOS SRAMs 

Bipolar PROMs 

ECL RAMs 

STRAMs (self-timed RAM) 

Hi-Rel PROMs and SRAMs 

Ultra High-speed ECL/ECL — TTL Translator Circuits 

Linear ICs and Transistors 
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Introduction to Fujitsu (Continued) 

ASIC products offered by ICD include the following: 

CMOS, ECL, and BiCMOS gate arrays 
CMOS standard cells 
Design Software Support 

Design Software Support 

Customer support and customer training for ASIC products are 
available through the following FMI design centers: 

San Jose Gresham 

Dallas Chicago 

Atlanta Boston 

Microcomputer and communications products offered by ICD 
include the following: 

4-bit MCUs 

8- and 16-bit MPUs 

SCSI and controllers 

DSPs 

Prescalers 

PLLs 

Memory Cards 

FMI’s manufacturing divisions are in San Diego, California and 
Gresham, Oregon. The San Diego Manufacturing Division 
assembles and tests memory devices. In 1988, the Gresham 
Manufacturing Division began manufacturing ASIC products and 
DRAM memories. This facility, when completed, will have one 
million square feet of manufacturing— the largest Fujitsu 
manufacturing plant outside Japan. 

FMI’s subsidiary, Fujitsu Components of America, markets 
connectors, keyboards, plasma displays, relays, and hybrid ICs. 


Fujitsu Mikroelektronik GmbH (European Sales Operation) 

Fujitsu Mikroelektronik GmbH (FMG) was established in June, 
1980, in Frankfurt, West Germany, and is a wholly-owned 
subsidiary of Fujitsu Limited, Tokyo. FMG is the sole representa- 
tive of the Fujitsu Electronic Device Group in Europe. The wide 
range of ICs, LSI memories, microprocessors, and ASIC 
products are noted throughout Europe for design excellence and 
unmatched reliability. Branch offices are located in Munich, 
London, Paris, Stockholm, and Milan. 
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Introduction to Fujitsu (Continued) 

Fujitsu Microelectronics Ireland, Ltd. (European Production Operation) 

Fujitsu Microelectronics Ireland, Ltd. (FME) was established in 
1980, in the suburbs of Dublin, as Fujitsu’s European Production 
Center for integrated circuits. FME assembles DRAMs, 
EPROMs, and other LSI memory products. 

Fujitsu Microelectronics, Ltd. (European ASiC Design Operation) 

Fujitsu Microelectronics, Ltd., Fujitsu’s European VLSI Design 
Center, opened in October of 1983 in Manchester, England. The 
Design Center is equipped with highly sophisticated CAD 
systems to ensure fast and reliable processing of input data. An 
experienced staff of engineers is available to assist in all phases 
of the design process. 

Fujitsu Microelectronics Asia PTE Ltd. (Asian/Oceanian Sales Operation) 

Fujitsu Microelectronics Asia PTE Ltd. (FMA) opened in August 
1986 in Hong Kong as a wholly-owned Fujitsu subsidiary for 
sales of electronic devices to Asian and Southwest Pacific 
markets. 


SPARC™ is a trademark of Sun Microsystems, Inc. 
Ethernet is a registered trademark of Xerox Corporation. 
EtherStar™ is atrademark of Fujitsu Microelectronics, Inc. 
StarLAN™ is atrademark of AT&T. 
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Integrated Circuits Corporate Headquarters — Worldwide 


International Corporate Headquarters 

FUJITSU LIMITED 

Marunouchi Headquarters 
6-1, Marunouchi 1-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03) 213-7174 

For integrated circuits marketing information please contact the following: 

Headquarters for Japan 

FUJITSU LIMITED 

Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 

6-1 , Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100 
Japan 

Tel: (03) 216-3211 
Telex: 781-2224361 
FAX: (03) 211-3987 

Headquarters for North and South America 

FUJITSU MICROELECTRONICS, INC. 

Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 
USA 

Tel: (408) 922-9000 
Telex: 910-338-0190 
FAX: (408)432-9044 

Headquarters for Europe 

FUJITSU MIKROELEKTRONIK GmbH 

Lyoner Strasse 44-48 
Arabella Centre 9. OG 
D-6000 Frankfurt 71 
Federal Republic of Germany 
Tel: (069) 66320 
Telex: 441963 
FAX: (069) 6632122 

Headquarters for Asia and Australia 

FUJITSU MICROELECTRONICS ASIA PTE LIMITED 

06-04/06-07 Plaza by the Park 

No. 51 Bras Basah Road 

Singapore 0719 

Tel: (65) 336-1600 

Telex: 55573 

FAX: (65) 336-1609 
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Fujitsu Microelectronics, Inc. (FMI) Sales Offices for 

North and South America 


NORTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 
10600 N. DeAnza Blvd. 

Suite 225 

Cupertino, CA95014 
Tel: (408) 996-1600 
FAX: (408)725-8746 

SOUTHERN CALIFORNIA 

Fujitsu Microelectronics, Inc. 

Century Centre 

2603 Main Street 

Suite 510 

Irvine, CA92714 

Tel: (714) 724-8777 

FAX: (714) 724-8778 

GEORGIA (Atlanta) 

Fujitsu Microelectronics, Inc. 
3500 Parkway Lane 
Suite 210 

Norcross, GA 30092 
Tel: (404) 449-8539 
FAX: (404)441-2016 

ILLINOIS (Chicago) 

Fujitsu Microelectronics, Inc. 
One Pierce Place 
Suite 910 

Itasca, IL 60143-2681 
Tel: (708) 250-8580 
FAX: (708) 250-8591 


MASSACHUSETTS (Boston) 

Fujitsu Microelectronics, Inc. 

75 Wells Avenue 
Suite 5 

Newton Center, MA 02159-3251 
Tel: (617) 964-7080 
FAX: (617)964-3301 

MINNESOTA (Minneapolis) 

Fujitsu Microelectronics, Inc. 

3460 Washington Drive 
Suite 209 

Eagan, MN 55122-1303 
Tel: (612) 454-0323 
FAX: (612)454-0601 

NEW JERSEY (Mt. Laurel) 

Fujitsu Microelectronics, Inc. 
Horizon Corporate Center 
3000 Atrium Way 
Suite 100 

Mt. Laurel, NJ 08054 
Tel: (609) 727-9700 
FAX: (609) 727-9797 


NEW YORK (Hauppauge) 

Fujitsu Microelectronics, Inc. 

601 Veterans Memorial Highway 
Suite P 

Hauppauge, NY 11788-1054 
Tel: (516) 361-6565 
FAX: (516)361-6480 

OREGON (Portland) 

Fujitsu Microelectronics, Inc. 
5285 SW Meadows Road 
Suite 222 

Lake Oswego, OR 97035-9998 
Tel: (503) 684-4545 
FAX: (503)684-4547 

TEXAS (Dallas) 

Fujitsu Microelectronics, Inc. 
14785 Preston Road 
Suite 670 
Dallas, TX 75240 
Tel: (214) 233-9394 
FAX: (214)386-7917 
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FMI Representatives — USA 

For product information, contact your nearest Representative. 


Alabama 

The Novus Group, Inc. 

2905 Westcorp Blvd. 

Suite 120 

Huntsville, AL 35805 
Tel: (205)534-0044 
FAX: (205)534-0186 

Arizona 

Aztech Component Sales Inc. 
15230 N 75th Street 
Suite 1031 

Scottsdale, A2 85260 
Tel: (602) 991-6300 
FAX: (602) 991-0563 

California 

Harvey King, Inc. 

6393 Nancy Ridge Drive 
San Diego, CA 92121 
Tel: (619)587-9300 
FAX: (619)587-0507 

Infinity Sales, Inc. 

4500 Campus Drive 
Suite 300 

Newport Beach, CA 92660 
Tel: (714) 833-0300 
FAX: (714) 833-0303 

Norcomp 
3350 Scott Blvd., 

Suite 24 

Santa Clara, CA 95054 
Tel: (408) 727-7707 
FAX: (408) 986-1947 

Norcomp 

2140 Professional Drive 
Suite 200 

Roseville, CA 95661 
Tel: (916) 782-8070 
FAX: (916) 782-0073 

Colorado 

Front Range Marketing 
3100 Arapahoe Road 
Suite 404 

Boulder, CO 80303 
Tel: (303)443-4780 
FAX: (303)447-0371 


Connecticut 

Conntech Sales, Inc. 

182 Grand Street 
Suite 318 

Waterbury, CT 06702 
Tel: (203) 754—2823 
FAX: (203)573-0538 

Florida 

Semtronic Associates, Inc. 
657 Maitland Avenue 
Altamonte Springs, FL 32701 
Tel: (407) 831-8233 
FAX: (407)831-2844 

Semtronic Associates, Inc. 
1467 S. Missouri Avenue 
Clearwater, FL 33516 
Tel: (813)461-4675 
FAX: (813)442-2234 

Semtronic Associates, Inc. 
3471 NW 55th Street 
Ft. Lauderdale, FL 33309 
Tel: (305)731-2484 
FAX: (305)731-1019 

Georgia 

The Novus Group, Inc. 
6115-A Oakbrook Pkwy 
Norcross, GA 30093 
Tel: (404) 263-0320 
FAX: (404) 263-8946 

Idaho 

Cascade Components 
2710 Sunrise Rim Road 
Suite 130 
Boise, ID 83705 
Tel: (208) 343-9886 
FAX: (208) 343-9887 

Illinois 

Beta Technology 
1009 Hawthorn Drive 
Itasca, IL 601 43 
Tel: (708) 256-9586 
FAX: (708)256-9592 


Indiana 

Fred Dorsey & Associates 
3518 Eden Place 
Carmel, IN 46032 
Tel: (317) 844-4842 
FAX: (317) 844-4843 

Iowa 

Electromec Sales 
1500 2nd Avenue 
Suite 205 

Cedar Rapids, IA 52403 
Tel: (319)362-6413 
FAX: (319)362-6535 

Maryland 

Arbotek Associates 
102 W. Joppa Road 
Towson, MD 21204 
Tel: (301)825-0775 
FAX: (301)337-2781 

Massachusetts 
Mill-Bern Associates 
2 Mack Road 
Woburn, MA 01801 
Tel: (617)932-3311 
FAX: (617)932-0511 

Michigan 

Greiner Associates, Inc. 
15324 E. Jefferson Avenue 
Suite 1 2 

Grosse Point Park, Ml 48230 
Tel: (313) 499-0188 
FAX: (313) 499-0665 

Minnesota 

Electromec Sales 
1601 E Highway 13 
Suite 200 

Burnsville, MN 55337 
Tel: (612)894-8200 
FAX: (612)894-9352 
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FMI Representatives — USA (Continued) 


New Jersey 

BGR Associates 
Evesham Commons 
525 Route 73 
Suite 100 
Marl ton, NJ 08053 
Tel: (609)983-1020 
FAX: (609) 983-1879 

Technical Applications & Marketing 
91 Clinton Road 
Suite 1 D 

Fairfield, NJ 07006 
Tel: (201) 575-4130 
FAX: (201)575-4563 

New York 

Quality Components 
3343 Harlem Road 
Buffalo, NY 14225 
Tel: (716)837-5430 
FAX: (716)837-0662 

Quality Components 
116 Fayette Street 
Manlius, NY 13104 
Tel: (315)682-8885 
FAX: (315)682-2277 

Quality Components 
2318 Titus Ave. 

Rochester, NY 14622 
Tel: (716) 342-7229 
FAX: (716) 342-7227 


North Carolina 

The Novus Group, Inc. 

1026 Commonwealth Court 
Cary, NC 27511 
Tel: (919)460-7771 
FAX: (919)460-5703 

Ohio 

Spectrum ESD 
3947 Ray Court Road 
Morrow, OH 45152 
Tel: (51 3) 899-3260 
FAX: (513) 899-8260 

Spectrum ESD 
8925 Galloway Trail 
Novelty, OH 44072 
Tel: (21 6) 338-5226 
FAX: (216) 338-3214 

Oregon 

L-Squared Limited 
15234 NW Greenbrier Pkwy 
Beaverton, OR 97006 
Tel: (503)629-8555 
FAX: (503)645-6196 

Texas 

Technical Marketing, Inc. 
3320 Wiley Post Road 
Carrollton, TX 75006 
Tel: (214)387-8601 
FAX: (214)387-3605 


Technical Marketing, Inc. 
2901 Wilcrest Drive 
Suite 139 

Houston, TX 77042 
Tel: (713) 783-1497 
FAX: (713) 783-5307 

Technical Marketing, Inc. 
1315 Sam Bass Circle 
Suite B-3 

Round Rock, TX 78681 
Tel: (512)244-2291 
FAX: (512)338-1596 

Washington 
L-Squared Limited 
105 Central Way 
Suite 203 

Kirkland, WA 98033 
Tel: (206) 827-8555 
FAX: (206)828-6102 

Wisconsin 
Beta Technology 
9401 W Beloit Street 
Suite 304C 
Milwaukee, Wl 53227 
Tel: (414)543-6609 
FAX: (414)543-9288 
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FMI Representatives — Canada, Mexico and Puerto Rico 

Canada Mexico Puerto Rico 


Pipe-Thompson Limited 
5468 Dundas Street W. 
Suite 206 

Islington, Ontario M9B 6E3 
Tel: (416) 236-2355 
FAX: (416) 236-3387 

Pipe-Thompson Limited 
RR2 North Gower 
Ottawa, Ontario KOZ 2T0 
Tel: (613) 258-4067 
FAX: (613) 258-7649 


Solano Electronics 
Ermita 1039-10 
Colonia ChapaJita 
Guadalajara, JAL. 45042 
Tel: (36) 47-4250 
FAX: (36) 473433 

Solano Electronica8 
Thiers 100 
Colonia Anzures 
Mexico City, D.F. 11590 
Tel: (55) 31-5915 
FAX: (55) 31-5915 


Semtronic Associates 
Mercantil Plaza Building 
Suite 816 

Hato Rey, Puerto Rico 00918 
Tel: (809) 766-0700 
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Alabama 
Marshall Industries 
3313 S. Memorial Highway 
Suite 121 

Huntsville, AL 35801 
(205)881-9235 

Repton Electronics 
4950 Corporate Drive 
Suite 105C 
Huntsville, AL 35805 
(205)722-9565 

Arizona 

Insight Electronics 
1515 W. University Drive 
Suite 103 
Tempe, AZ 85281 
(602)829-1800 

Sterling Electronics 
3501 E. Broadway Road 
Phoeniz, AZ 85040 
(602) 268-21 21 

Marshall Industries 
9830 S. 51 st Street 
Suite B121 
Phoenix, AZ 85044 
(602)496-0290 

California 

Insight Electronics 
28035 Dorothy Drive 
Suite 220 
Agoura, CA 91301 
(818)707-2100 

Insight Electronics 
15635 Alton Parkway 
Suite 120 
Irvine, CA92718 
(714) 727-2111 

Insight Electronics 
6885 Flanders Drive 
Suite G 

San Diego, CA 92126 
(619)587-9757 

Marshall Industries 
9710 Desoto Ave. 
Chatsworth, CA 91311 
(818)407-4100 

Marshall industries 
9674 Telstar Ave. 

El Monte, CA 91731 
(818)459-5500 


Marshall Industries 
One Morgan 
Irvine, CA 92718 
(714)458-5308 

Marshall Industries 
336 Los Coches Street 
Milpitas, CA 95035 
(408)942-4600 

Marshall Industries 
3039 Kilgore Ave. 

Rancho Cordova, CA 95670 
(916)635-9700 

Marshall Industries 
10105 Carroll Canyon Road 
San Diego, CA 92131 
(619)578-9600 

Merit Electronics 
2070 Ringwood Avenue 
San Jose, CA 95131 
(408) 434-0800 

Sterling Electronics 
55310 Derry 
UnitX 

Agoura, CA 91301 
(818) 707-0911 

Sterling Electronics 
9410 Topanga Canyon Rd. 
Chatsworth, CA 91311 
(818) 407-8850 

Sterling Electronics 

1342 Bell Avenue 
Tustin, CA 92680 
(714) 259-0900 

Western Microtechnology 
28720 Roadside Dr. 

Suite 1 75 

Agoura Hills, CA 91301 
(818) 356-0180 

Western Microtechnology 
1637 North Brian 
Orange, CA 92667 
(714)637-0200 

Western Microtechnology 
6837 Nancy Ridge Drive 
San Diego, CA 92121 
(619)453-8430 

Western Microtechnology 
1 2900 Saratoga Ave. 
Saratoga, CA 95070 
(408) 725-1660 


Colorado 

Marshall Industries 
12351 N. Grant Road 
Suite A 

Thornton, CO 80241 
(303)451-8383 

Sterling Electronics 
8200 South Akron Street 
Suite 111 

Englewood, CO 801 1 2 
(303) 792-3939 

Connecticut 

Marshall Industries 
20 Sterling Drive 
Wallingford, CT 06492 
(203) 265-3822 

Milgray Electronics 
326 W. Main Street 
Milford, CT 06460 
(203)795-0711 

Western Microtechnology, Inc. 

731 Main Street 
Suite B2 

Lantern Ridge Monroe, CT 06468 
(203)452-0533 

Florida 

Marshall industries 
380 S. Northlake Blvd 
Suite 1024 

Altamonte Springs, FL 32701 
(407)767-8585 

Marshall Industries 
2700 W. Cypress Creek Rd. 

Suite C 106 

Ft. Lauderdale, FL 33309 
(305) 977-4880 

Marshall Industries 
2840 Sherer Drive 
St. Petersburg, FL 33716 
(813)573-1399 

Milgray Electronics 
1850 Lee Road 
Suite 104 

Winter Park, FL 32789 
(407)647-5747 
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Florida (Continued) 
Reptron Electronics 
33320 N.W. 53rd Street 
Suite 206 

Ft. Lauderdale, FL 33309 
(305) 735-1112 

Reptron Electronics 
14501 McCormick Drive 
Tampa, FL 33626 
(813)855-2351 

Georgia 

Marshall Industries 
5300 Oakbrook Pkwy 
Suite 146 

Norcross, GA 30093 
(404)923-5750 

Georgia 

Milgray Electronics 
3000 Northwoods Parkway 
Suite 270 

Norcross, GA 30071 
(404)446-9777 

Reptron Electronics 
3040 H Business Park Drive 
Norcross, GA 30071 
(404)446-1300 

Illinois 

Classic Components 
3336 Commercial Ave. 
Northbrook, IL 60062 

(312) 272-9650 

Marshall Industries 
50 E. Commerce Dr. 

Suite I 

Schaumburg, IL 60173 
(312)490-0155 

Milgray Electronics 
3223 N. Wilkey Road 
Arlington Heights, IL 60004 
(312)253-1573 

Reptron Electronics 
1000 E. State Hwy 
Suite K 

Schaumburg, IL 601 73 
(312)882-1700 

Indiana 

Marshall Industries 
6990 Corporate Drive 
Indianapolis, IN 46278 
(317)297-0483 


USA (Continued) 


Kansas 

Marshall Industries 
10413 W. 84th Terrace 
Lenexa, KS 66214 
(913)492-3121 

Milgray Electronics 
6901 W. 63rd Street 
Overland Park, KS 66202 
(913) 236-6800 

Maryland 

Marshall Industries 
2221 Broadbirch 
Suite G 

Silver Springs, MD 20910 
(301)622-1118 

Milgray Electronics 
9801 Broken Land Parkway 
Columbia, MD 21045 
(301)995-6169 

Vantage Components, Inc. 
6925-R Oakland Mills Road 
Columbia, MD 21045 
(301)720-5100 

Massachusetts 

Interface Electronic Corp. 
228 South Street 
Hopkinton, MA01748 
(617)435-6858 

Marshall Industries 
33 Upton Drive 
Wilmington, MA 01887 
(508) 658-0810 

Milgray Electronics 
187 Ballardvale Street 
Wilmington, MA 01887 
(508)657-5900 

Vantage Components, Inc. 
200 Bulfinch Drive 
Andover, MA 01810 
(508)687-3900 

Western Microtechnology 
20 Blanchard Road 
9 Corporate Place 
Burlington, MA 01803 
(617)273-2800 

Michigan 

Marshall Industries 
31067 Schoolcraft Rd. 
Livonia, Ml 48150 

(313) 525-5850 


Michigan 

Reptron Electronics 
34403 Glendale 
Livonia, Ml 48150 

(313) 525-2700 

Minnesota 

Marshall Industries 
3955 Annapolis Lane 
Plymouth, MN 55447 
(612)559-2211 

Reptron Electronics 
5929 Baker Road 
Minnetonka, MN 55345 
(612)938-0000 

Missouri 

Marshall Industries 
3377 Hollenberg Drive 
Bridgeton, MO 63044 

(314) 291-4650 

New Jersey 

Marshall Industries 
101 Fairfield Road 
Fairfield, NJ 07006 
(201)882-0320 

Marshall Industries 
158 Gaither Drive 
Mt. Laurel, NJ 08054 
(609) 234-9100 

Milgray Electronics 

3002 Greentree Exec. Campus 

Suite B 

Marlton, NJ 08053 
(609)983-5010 

Vantage Components, Inc. 

23 Sebago Street 
P.O. Box 2939 
Clifton, NJ 07013 
(201)777-4100 

Western Microtechnology, Inc. 
387 Passaic Avenue 
Fairfield, NJ 07006 
(201)882-4999 

New Mexico 

Sterling Electronics 
3450-D Pan American Freeway 
Albuquerque, NM 871 07 
(505)884-1900 
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New York 
Marshall Industries 
275 Oser Avenue 
HaUppauge, NY 11788 
(516) 273-2424 

Marshall Industries 
1 29 Brown Street 
Johnson City, NY 13790 
(607)798-1611 

New York 

Marshall Industries 
1280 Soottsville Road 
Rochester, NY 14624 
(716)235-7620 

Mast Distributors 
95 Oser Avenue 
P.O. Box 12248 
Hauppauge, NY 11788 
(516) 273-4422 

Micro Genesis 
90-10 Colin Drive 
Holbrook, NY 11741 
(516)472-6000 

Milgray Electronics 
77 Schmitt Blvd. 

Farmingdale, NY 11735 
(516)420-9800 

Milgray Electronics 
1200 A Scottsville Rd. 
Rochester, NY 14624 
(716)235-0830 

Vantage Components, Inc. 
1041-G West Jericho Turnpike 
Smithtown, NY 11787 
(516)543-2000 

North Carolina 

Marshall Industries 
5224 Greens Dairy Road 
Raleigh, NC 27604 
(919)878-9882 

Reptron Electronics 
5954-A Six Fork Road 
Raleigh, NC 27609 
(214)783-0800 


Ohio 

Marshall Industries 
3520 Park Center Drive 
Dayton, OH 45414 
(513)898-4480 

Marshall industries 
30700 Bain Bridge Road 
Unit A 

Solon, OH 44139 
(216) 248-1788 

Milgray Electronics 
6155 Rockside Road 
Cleveland, OH 44131 
(216)447-1520 

Reptron Electronics 
404 E. Wilson Bridge Road 
Suite A 

Worthington, OH 43085 
(614)436-8675 

Oklahoma 

Radio Inc. 

1000 South Main 
Tulsa, OK 74119 
(918)587-9123 

Oregon 

Marshall Industries 
9705 S.W. Gemin Drive 
Beaverton, OR 97005 
(503)644-5050 
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DESIGN APPLICATIONS 


Internally timed RAMs build 
fast writable control stores 

Mohammad Shakaib Iqbal 

Fujitsu Microelectronics Inc., 3545 N. First St., San Jose, CA 95134-1804; (408) 922-9000. 


The increasing speed of mainframes and minicom- 
puters produces a need for memory access even 
faster than that supplied by ECL RAMs. One way 
to cut into 15-ns memory-access times is through 
process improvements, but this avenue quickly 
reaches its limits. Another method is to rework the 
architecture of the writable control store, which 
holds the microinstructions that implement the 
machine’s assembly-language instructions. For in- 
stance, adding registers in the address and data 
lines to the control 
memory causes a pipe- 
line effect that speeds 
up both read and write 
operations. 

But the number of 
registers needed to pro- 
cess the size of control 
words in some of to- 
day’s minicomputers 
can be prohibitive. The 
solution lies in the new 


Create faster comput- 
ers without sacrificing 
board space. Self- 
timed RAMs do the 
trick, replacing stan- 
dard ECL RAMs in 
control memories. 


self-timed RAMs (STRAMs) — pipelined memory 
devices containing on-board registers or latches, as 
well as a write-pulse generator. STRAMs not only 
shrink access times to 7 ns, but they also cut board 
space and reduce the number of lengthy connec- 
tions between discrete parts. The latter is important 
because at ECL speeds these leads act as transmis- 
sion lines, generating reflections and crosstalk. 

To better understand how a STRAM can help a 
designer perform a specific task, consider a mini- 
computer’s basic architecture. Both mainframes 
and minicomputers use microprogrammed proces- 
sors in their CPUs. A microprogram is a flexible 
way to generate the control signals that implement 
assembly language. These control sequences or mi- 
croinstructions reside in a control memory, usually 
a set of PROMs addressed by a microprogram 
counter. 

In a microprogrammable machine, however, the 
control memory consists of fast RAMs, so a user 
can alter the control signals and modify the instruc- 
tions. For example, a typical minicomputer CPU 



1. In a typical microprogrammed CPU, a control unit holds a control word employed for register 
loading, identification, and reading. 


Reprinted with permission from ELECTRONIC DESIGN - August 25, 1988 


Copyright 1988 VNU Business Publications, Inc. 
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contains 12 kbytes of microprogrammable memory in its 
writable control store to diagnose problems, perform cer- 
tain instructions, and change the microcode. For the so- 
phisticated user, the CPU has an extra 12 kbytes of writ- 
able control store. This architecture lets a user change the 
way the computer responds to machine-language instruc- 
tions. 

A microprogrammable CPU usually contains general- 
purpose registers, an instruction register, a memory data 
register, a memory address register, a program counter, a 
16-function arithmetic logic unit, a temporary register 
called an accumulator, and a control unit (Fig. 1). The 
memory data register holds the data word to be sent to the 
memory, and the memory address register holds the ad- 
dress to the memory. The control unit sends a control 
word for register identification, loading, and reading. It 
generates signals like memory read and write, accumula- 
tor read and load, and ALU operations. The accumulator 
holds the ALU inputs and outputs. 

The writable control store is implemented within the 



To registers To ALU 


2. Adding registers to a writable control store’s data 
and address paths speeds up the computer but at 
a steep price in board space. An alternative is to 
replace the components in the highlighted area 
with a self-timed RAM, which contains a write-pulse 
generator and registers. 


control unit (Fig. 2). Its task is to generate the correct se- 
quence of steps to execute the assembly-language instruc- 
tion. Included in the controller are a starting address gen- 
erator, microprogram counter, control memory, and 
control register. The control memory, addressed by the 
microprogram counter, stores the microinstructions. The 
control register holds the control word. 

The process begins when the CPU fetches a machine- 
language instruction from the main memory and loads it 
into the instruction register. Microprogramming then 
takes over. The instruction register puts the instruction 
into the starting address generator, which decodes the ad- 
dress of the first microinstruction in the control memory 
and loads this address into the microprogram counter. 
Next, the contents of the control memory pointed to by 
the microprogram counter are fetched and loaded into 
the control-word register. The microprogram counter is 
then updated to point to the next microinstruction in the 
desired sequence. 

Minicomputers have control words 10 to 100 bits long. 
Each bit placed into the control-word register controls a 
part of the computer, including the instruction register, 
program counter, accumulator, memory, and ALU con- 
trol. Hence, each bit is connected to a specific destination. 
The various control signals open or close data paths to 
these destinations or instruct the locations to perform an 
operation. For example, to. transfer data between two reg- 
isters, a control signal must instruct the source register to 
place the data on the bus, and a second signal must tell the 
destination register to read the data on the bus. 

If the control store is writable, there must be a multi- 
plexer between the microprogram counter and the con- 
trol memory, because the address can come from either 
the microprogram counter or the system address bus. The 
system address bus’s only task is to write to the control 
memory. 

This is where a register between the counter and con- 
trol memory input is beneficial. While the microprogram 
counter is generating an address during a read cycle 
(when it increments), the previous address can be in the 
register pointing to the control memory. That’s the de- 
sired pipeline effect. 

The computer gains a similar advantage during write 
cycles — that is, when the instructions in the micropro- 
gram are being altered. In this case, the new data is car- 
ried over the system bus and written in the control memo- 
ry. If the memory consists of standard ECL RAMs and 
no registers, the address-hold time requirement will slow 
down the process. 

Adding a register again creates a pipeline effect be- 
cause the address and the data are both placed in the reg- 
ister. The address remains valid on the register’s outputs 
until a new clock edge arrives, bringing a new address 
from the microprogram counter. The data and the ad- 
dress inputs are placed in the register on the true ongoing 
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edge of the clock. The Write Enable signal is also placed 
in the register (Fig. 3 a). 

The several nanoseconds saved on each read and write 
cycle can add up to a considerable speed increase during 
normal computer operation. As noted, using STRAMs 
gives the designer this speed boost without the space pen- 
alty exacted by discrete registers. 

In the example noted, a totally pipelined architecture 
was desired, so the registered STRAMs were used. This 
configuration yields the highest bit rate at the system lev- 
el because the succeeding cycle can begin while the output 
signal is slewing and propagating. The data isn’t available 
at the outputs until the next clock edge. 

In some computers, however, the control store might 
have to read data from the RAM in one memory cycle. 
When this is the case, the control memory’s inputs must 
have latches to hold the input data and address for saving 
the hold times. The output lines are also latched so that 
data can be placed on the data bus in one cycle. A latched 
STRAM fills the bill. This device’s timing diagrams show 
that in read cycles the data is read in the same memory 
cycle (Fig. 3b). 

In a STRAM, the Address, Data In, Chip Enable, and 


Write Enable signals are latched into the on-chip registers 
or latches by the true-going edge or level of the clock 
pulse at the start of the memory cycle. All these signals 
remain valid throughout the memory cycle until the next 
true-going clock edge or level. As a result, signals need 
not be held stable during the entire cycle. They can slew 
down during one cycle to prepare for the next one. 

It’s advantageous to trigger the write operation at the 
true going clock edge by latching the Address, Data, and 
Write Enable signals. Then the new Data and Address 
signals can be placed at the inputs while the old data is be- 
ing written to the RAM cells. Also, this technique elimi- 
nates address skew because all the timing is clock-edge 
driven. 

The basic difference between the registered and the 
latched STRAM, in fact, is that the former is clock-edge 
sensitive, while the latter is level sensitive (Fig. 4). During 
a registered STRAM’s read cycle, the data is available in 
the next clock cycle. For the latched STRAM, the data is 
available during the same memory cycle. 

An advantage of both the latched and the register 
STRAM, however, is the built-in write-pulse generator, 
which eliminates an annoying problem associated with 



3. Timing diagrams show that in a registered STRAM (a) the control word is read in the second 
clock cycle, while a latched STRAM (b) reads the data in the same clock cycle. 
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4. Both the registered (a) and latched versions ( b) of th e STRAM include a write-pulse generator. The de- 
vices have differential clock inputs— Clock and Clock— but single-ended operation is possible by connect- 
ing either clock line to an internal reference voltage. 


fast ECL RAMs — the generation of a narrow write pulse. 
This on-board capability not only simplifies the design- 
er’s task, since creating very narrow pulses can be diffi- 
cult, but it also speeds up the write cycle. 

For instance, the length of a write cycle for a typical 
static RAM, MBM 10474- 15, employed without input 
and output latches is the sum of the minimum setup time, 
2 ns; the write-pulse length, 12 ns; and the minimum hold 
time, 1 ns. That comes to 15 ns. For a latched STRAM 
with an internal write pulse generator, MBM10476LL-9, 
the write cycle time is the minimum setup time, 1 ns, plus 
the minimum high or low clock time, 6 ns — a total of 7 ns. 

Another advantage of the STRAM is that the data 
written in the RAM is transparent to the outputs. This 
boosts the speed of the system for a cache write-through 
and improves the write-cycle timing for the writable con- 
trol store. Also, the input data is transparent to the output 
in the same clock cycle for the latched STRAM and in the 
next cycle for the registered version. The transparent fea- 
ture is helpful in diagnostic tasks and for writing back the 
data into the next location. 

In both types of STRAMs the setup and hold times are 
identical for all inputs, simplifying the timing. The sum of 
the setup and hold times, also called the required valid 
window, is only 30% of the overall cycle time. For exam- 
ple, a lk-by-4 latched STRAM, the MBM 10476LL, has a 
clock cycle of 10 ns and a setup time plus hold time of 3 ns. 
This low ratio leaves enough time for the inputs to get 
ready for the next cycle. 


The read and write cycles also have the same timing, 
because the data-input registers and latches are loaded at 
the start of each cycle, regardless of the type of cycle. This 
balanced read-write configuration is helpful for systems 
integration. When Write Enable is low at the beginning of 
a cycle, an internal write operation writes the data into 
memory and restores internal write lines to their original 
values. 

The devices have differential clock inputs — Clock and 
Clock — to increase timing accuracy. They can be con- 
nected in either the differential or single-ended mode. In 
the differential mode, data is latched at the cross point of 
the rising edge of Clock and at the falling edge of Clock. 
Connecting either Clock or Clock to the internal refer- 
ence voltage configures the STRAM in the single-ended 
mode, latching data at the true going edge of the clock. □ 

Mohammad Shakaib Iqbal, an application engineering 
supervisor at Fujitsu Microelectronics Inc., works on local- 
area networks, microcontrollers, small computer system 
interfaces, and memory products. He holds a BSEE from 
NED University, in Karachi, Pakistan, and an MSEE 
from Oregon State University. 
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Separate Data Inputs and Outputs SRAMs 
Provide New Architectural Solutions 
for System Designers 


Applications Engineering Department 
Fujitsu Microelectronics, Inc. 

Integrated Circuits Division 
Copyright© 1990 by Fujitsu Microelectronics, Inc. 


ABSTRACT 


Traditionally, Static Random Access Memories (SRAMs) which can store greater than one-bit-wide words are 
available in packages with common data inputs and outputs. This is a consequence of the package size 
constraints, for wider word widths. Fujitsu also offers byte wide and word -wide devices such as MB81C78A, 
MB81C79 and MB81C40. In the case of SRAMs with four-bit wide words or less, the increase in package size is 
not significant. Instead, the advantages of separate I/Os for system designers more than outweigh the slight 
increase in package size. The basic benefit of having separate data inputs and outputs is that it does not require 
the data bus direction to be changed during a read-modi fy write cycle. Thus, the need for multiplexing and 
demultiplexing in the data paths is eliminated. This application note deals with some specific usage areas 
which take advantage of the separate data input and output SRAMs. 

A large variety of new applications, as well as some old memory designs have a need for separate data input 
and output pins on the SRAMs. Some of the key application areas are as follows: writeable ritual 
microprogram control stores, cache memory systems, and deep FIFO data buffers for disks and LANs. The 
following discussion covers each of these application areas, highlighting the importance of the separate data 
input and output SRAMs. 
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Microprogramming and Writeable Control Store 

Microprogramming has become one of the most powerful tools currently available to designers of 
high-speed, microprocessor-based systems. It provides a degree of flexibility previously unattainable in 
sophisticated processors and controllers. 

Microprogramming is actually accomplished by execution of a machine language program that is made 
up of a sequence of microinstructions. This execution is performed at a microinstruction level by having 
each microinstruction interpreted on the host machine hardware through a microprogram 1 

Microprograms comprise a sequence of microinstructions that activate the control primitives of the host 
machine. Individual sequences contain all the elemental steps required to perform system function. The 
microprogram is kept in a high-speed, random access storage unit that is called a control store or control 
memory. Control storage is normally found implemented as a ROM. However, control storage may also 
exist as a dynamically alterable memory known as a writeable control store. A read only memory cannot 
be modified by an executing microprogram. The contents of the control ROM are unalterable and provide 
a fixed interpretation sequence for a given microinstruction set. On the other hand, the contents of the 
writeable control store can be modified by executing a microprogram. This allows the architecture of the 
host machine to be redefined under microprogram control since a different microprogram module may be 
loaded in the writeable control store under the control of the user program. A processor having this 
capability is called a flexible architecture machine. 

A writeable control store memory provides the main application for the static RAM with separate data 
inputs and outputs. This will be evident from the arrangement of the control store as shown in Figure 1. 
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Figure 1. Arrangement of a Control Store Memory 
The Main Parts of a Control Store 

1. Microprogram Counter 

The microprogram counter contains the address of the next microinstruction which is loaded in 
the control store. Usually, it is incremented by one, and the program sequencing is done by 
adding one (1) to the current contents of the microprogram counter. 

2 . Microprogram Instruction Regis ter 

The microinstruction register contains the current microinstruction being executed by the host 
machine. For a read only store, the microinstruction register would not provide leads for data to 
be written into the control memory — it would only receive data from the control store. 

3 . Control S tore Data Register 

Since many microprogrammed machines use a combination of read only storage and writeable 
storage, another register must be provided to supply data to be written in the writeable control 
memory. This register can be called the control store data register. 

4. Control Store Address Register 

Generally, the microcode which is loaded in the writeable control store is not written into the 
same location as that of the next instruction; therefore, a fourth register is needed. This register is 
called the control store address register. It points to the location in the writeable control store 
where the data word in the microcode is to be stored. 

It is possible to combine the functions of the microprogram counter and the control address register as 
well as the functions of the microinstruction register and the control store data register. In general, these 
four registers will be kept separated, with the control store address register and 


10-16 




Fujitsu Microelectronics. Inc. 


Static RAMs 


the control store data register forming a pair that references writeable control store and functions 
independently of the register pair formed by the microprogram counter and the microinstruction register. 
The microprogram counter and the microinstruction register, in turn, reference read-only control storage 
in terms of microprogram execution. Thus, a block of microcode could be loaded from a system 
peripheral, such as a floppy disk, into the writeable control store for usage by a specific microprogram. 
Similarly, data from either writeable control store or control ROM could be copied by control memory 
over into the main storage. The precise reasons for performing these operations would be dictated by the 
requirements of the user. In this application it is desirable to us an SRAM, with separate data inputs and 
outputs to avoid the multiplexing and demultiplexing in the data paths. 

Some systems use only writeable control store as control memory. In this case, the sequencer needs the 
addresses for read cycles of the RAM, while the microprocessor sends the addresses for the write cycle of 
the RAM. Typically the outputs of the writeable control store are to be configured in a very wide 
microword, anywhere between 64 to 96 bits wide. This is a horizontal microword implementation. The 
term horizontal here implies that the microword has enough bits to directly control all the significant 
machine resources without additional decoding, encoding or other hardware interpretation. The inputs, 
however, are configured into an 8- or 16-bit wide data bus, in order to be loaded directly from the host 
microprocessor. This is evident from Figure 2 presenting the more detailed arrangement in as typical 
system, which uses only a writeable control store. 



Figure 2. Writeable Control Store Memory 
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For this type of architecture, a static RAM with separate data inputs and outputs is required. If this design 
is implemented by devices having a common data input and output bus, then the design would require 
numerous buffers, or transceivers to accomplish this function. Thus, by using the separate data input and 
output static RAM, like the Fujitsu MB81C86 which is 64K x 4 bits wide, the designer realizes a significant 
savings in IC count, as well as PC board real estate. 

Some Thoughts on Application Areas 

Due to the flexibility and cost reductions throughout the design development and maintenance, 
microprogrammed (MP) systems extend across large product and application areas, ranging from simple 
control functions to complex real time control systems. 

Aside from the more common applications, such as emulation of other systems, and upward/downward 
compatibility among series configured minicomputer systems, microprogram control units (because of 
their cost effectiveness) can be applied to functions previously performed only by special circuits or 
custom made devices. For example: 

1 . Process control systems (factory automation). 

2. Instrumentation systems (signal generators, synthesizers etc.). 

3. Intelligent terminal for off-line editing (supermarket checkouts, terminals of investment houses). 

4. Real time data processing (spectral analysis, pattern recognition, etc.). 

5. Data communications systems have MP systems controlling polling, scheduling tasks, buffer 
management (front end processors, communication processors, etc.). 

Applications of MP systems are virtually unlimited because of their high performance/low cost 
implementation. Hence, the availability of static RAMs with separate data inputs and outputs has a 
substantial impact on the design of MP systems which, in turn, find their way into a wide variety of 
applications, as discussed previously. Another area of system architecture which benefits from the 
separate data inputs and outputs on the static RAMs is the cache memory system design. 

Cache Memory Systems 

In a cache-based system, a small, fast memory known as the buffer or the cache, (with roughly the same 
speed as the processor registers) is interposed between the processor and the main memory. This cache 
serves as a transparent bridge between their speeds. The "cache bridge" is transparent in the sense that is 
is invisible, making it inaccessible to the users, since it is completely hidden from them and not directly 
addressable (cache means "a hiding place"). However, by providing the processor with all the current 
information it requires at a faster speed, the cache creates an illusion of having a large main memory 
operating. 3 

During the era of early computing, the main memory technology was quite slow compared to the speed of 
the CPU. In order to overcome the slow access of the main memory, a small high performance cache 
buffer memory was placed between the CPU and the main memory. Figure 3 shows two of the most 
common memory hierarchy. 

The two-level cache has already been discussed; i.e., slow memory communicates with a fast CPU. The 
three-level case takes into account the advantages of having a cache. With this memory hierarchy scheme, 
the CPU would execute data from the very fast cache buffer and would only have to slow down when this 
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buffer required new data from the slow main memory. Thus, with a small fast buffer, the overall 
performance of the large, slow main memory approaches that of the buffer. 



Figure 3. Common Memory Hierarchies: (a) Two-level, (b) Three-level 


Basic Blocks of a Cache Memory 

As already discussed, the philosophy behind the concept of buffering or caching is to use a fast, relatively 
small memory between the processor and the main memory. Figure 4 shows a typical way of 
implementing a cache memory system. 



Figure 4. Typical Cache Memory Structure 
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Buffer Block 

A cache memory is basically a small, high-speed memory with main memory information. This 
information may be addresses, data or instructions. Hence, the cache can be an address cache, data cache 
or an instruction cache. Its speed is typically an order of magnitude faster than that of the main memory, 
while its capacity is typically one or two orders of magnitude less than that of the main memory. 

Tag/Directory Block 

A cache memory system requires an identifier or tag store to indicate which entries of main memory have 
been copied into the cache store. Data in the large main memory has to be mapped into the smaller cache 
buffer, where it is partitioned or subdivided into small segments called blocks. Each block is identified 
with a label called the tag address. These tag addresses are stores in an associative RAM called the 
tag/directory RAM. It operates like a search memory. 


Priority Update List 

A buffered memory requires a logical network that selects words or blocks to be removed when the new 
entries (words or blocks) need to be brought into the cache. This structure is called the priority update list. 


Control Logic 

A cache memory system also requires control logic to generate all timing for synchronizing various 
activities; for example: searching the tag store, getting the data out of the cache, and replacing proper 
entries in the cache. 


10 


The operation of the total system is quite simple. Whenever the CPU requests the data from the main 
memory, the first operation that takes place is the matching of addresses coming from the CPU with the 
addresses inside the directory RAM. If this matches, then the data associated with this tag address is sent 
to the CPU. This is known as "hit" or address match. If the directory RAM does not contain the address 
being accessed by the CPU, then a "miss" takes place. When this happens then the data from the main 
memory is sent to the CPU. It will also be simultaneously stored in the buffer RAM. Hence, if this address 
is accessed again then the data will come from the cache. 

The cache buffer design involve many parameters such as type of memory mapping schemes,(fully 
associative, direct and set associative), cache size, block size, data replacement algorithm, and a variety of 
other features which will not be covered in this paper. 

In the earlier cache-based systems, the capacity and performance of main memoiy were modest in 
comparison to today's systems. Designers were using expensive bipolar RAM technology for performance 
considerations. Due to the improvements in semiconductor process technology, both bipolar and MQS, 
the size and performance of cache memories have continued to grow as shown in Figures 5 and 6. 2 
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Figure 5. Cache Capacity Trends by Typical Cache Size 
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As shown in Figure 6, the typical CPU cache times are approaching 55 ns or less. As far as the 
performance or hit rate of the cache is concerned, it is primarily determined by the buffer size. 
Consequently, if a cache buffer size is large, in the order of 256K or 512K, the miss rate is low (see Figures 
5 and 6.) Hence, a RAM 64K deep, will be an excellent choice. The third most important thing in the 
selection is the word width. Historically, a RAM with a large number of output drivers is slower than a 
device with fewer outputs because of high ground noise. Also, with wider word widths, the system 
designer usually winds up with a large number of unused bits/ word. A by-1 -organization would provide 
the highest performance and exact word widths but it will use a large number of devices. Therefore, a 
by-4-organization usually provides a more optimum alternative. This choice also affects the board layout. 

The majority of by-4-bits and by-8-bits wide SRAMs have their inputs and outputs multiplexed over the 
same pins. This arrangement, however, increases turnaround and settling delays, thereby slowing system 
performance. As shown in Figure 4, if the tag and data RAM have a separate data input and output 
channel, then the glue logic for comparisons will not be followed by multiplexers and demultiplexers. 
Thus, a SRAM with a separate data input and output bus is ideal for this case. The Fujitsu MB81C86 is a 
CMOS 64K x 4 SRAM, with an access time of 55 ns, and a separate data input and output bus. For systems 
which require very high performance, without board layout constraints, MB81C71A (the 64K x 1 CMOS 
SRAM with access times as fast as 25 ns) from Fujitsu provides a unique solution. It is also useful for 
high-speed minicomputers and mainframe applications. 

Building a Large Disk Cache 

Real time interactive graphics and CAD systems are two high-speed computing applications which 
require a large on-line data base. Only mass storage can deal with such huge quantities of data. Disk 
drives, as well as the mag tapes are extremely slow, although their capacity is sufficient. These devices 
transfer data much too slowly for today's high performance mainframes, minicomputers, or 
microcomputers. 

One solution is to place a semiconductor cache memory between the CPU and the disk subsystem. The 
cache should be large enough to hold a significant percentage of the data the CPU requires from an I/O 
device. This cache not only improves the disk data transfer rate, but also more closely matches the speed 
of the central processing unit of the host system. Incidentally, this cache will not place a heavy demand on 
the power from eitherThe system or battery back-up. 4 

The Fujitsu MB81C81A-35/45 is a prime candidate since the cache would be several megawords in size. 
This is a 256K x 1 CMOS SRAM. This device has separate data inputs and outputs. In order to design a 
512K bytes of disk cache, for an 8-bit wide data bus, only 16 of these devices are needed. If the host's main 
memory access time is 80 ns, then a 45 ns device shortens the system throughput time. A typical system is 
shown in Figure 7. 
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Figure 7. A Large Disk Cache for a Disk Drive Enhances System Performance 


Building Deep FIFO Buffers 

Separate data input and output SRAMs have a wide variety of applications. They are useful in building 
deep FIFO buffers. FIFO is a First-In-First-Out memory which can be implemented in different ways. The 
main function of this type of memory is to read out the data in the same order that it was written. The 
basic design of a FIFO implemented from the separate data input and output SRAM is shown in Figure 8. 
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Figure 8. Basic FIFO Design 

The FIFO control logic consists of two ring counters for generating read and write addresses. When the 
FIFO is empty, then both of these counters are initialized to location zero in the SRAM. In the case of a 
write to the SRAM, the write counter is incremented, thus pointing to the next empty location. The read 
counter always points to the full location; i.e., the location which has data written into it. When all the data 
has been read, and the read and write counters point to the same location, the FIFO control logic generates 
an empty flag. A full flag is generated when the write counter points to an address on less than the read 
counter. At this point no further data dumps ar allowed in the FIFO. This FIFO control block is 
commercially available as FIFO RAM controller, which can easily create 64K deep buffers from the 
separate data input and output SRAMs. 

FIFO devices are marketed with onboard RAMs. These commercially available FIFO devices provide 
asynchronous operation, but are not deep enough for such applications as buffers for disk systems, 
printers, and local area networks where the data usually comes in the form of large blocks. Designers 
cannot afford to lose the data, consequently, the FIFO buffer should be large enough to hold the complete 
block. The deepest commercially available devices are 2K words deep. 

In order to implement a deep FIFO buffer, it is desirable to have a SRAM with separate data inputs and 
outputs. This avoids the turnaround delays and muxes/ demuxes. Another advantage of using the SRAMs 
over commercially available devices is that the data can be accessed by the CPU. Therefore, in the disk 
environment the error correction can be done on the fly. This is not possible in commercially available 
FIFO devices as they do not have an address Bus. 
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Conclusion 

Fujitsu offers a CMOS 64K x 4 SRAM (MB81C86, with 55 ns access speed), 64K x 1 SRAM (MB81C71A, 

25 ns access speed), 256K x 1 SRAM (MB81C81 A-35 access speed) with separate data inputs and outputs. 
Also, all Fujitsu ECL SRAMs (deepest configuration available = 256K x 1 at 15 ns and the fastest available 
is 5 ns at 4K and lk depth) have separate data inputs and outputs. The availability of separate data inputs 
and outputs SRAMs, help system designers develop not only an efficient system, but also a less expensive 
system because of smaller board space. The important application areas which exploit this feature are 
writeable control stores, cache memory systems, and deep FIFO buffers for disk controller boards and 
LANs. 
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Introduction, An Overview 

This manual is intended to serve two purposes: to provide an extensive tutorial on cache design and to 
aid in the process of designing a tag buffer, Fujitsu's MB81C51, into the engineer's high-performance end 
system. This guide focuses on cache design, various cache architectures and system requirements. The ap- 
pendix to this handbook supplies details on Fujitsu's cache tag RAM, the MB81C51. Theory and perform- 
ance analysis of cache are covered in moderate detail; they are covered in greater depth in the references 
found at the conclusion of this Application Handbook. 

The information contained within this Application Handbook, supplemented with the appropriate data 
sheet, is intended to address the majority of typical design-in issues related to cache design with Fujitsu's 
RAMs. However, if additional information is necessary for the designer's successful application of these 
devices, please contact the nearest Fujitsu Sales Office. (See the Sales Information Section.) 
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1. Caches: Growing in Popularity, 

Mysterious in Definition 

As depicted in Figure 1-1, Fujitsu supports a number of devices for the implementation of cache in 
computers ranging from high-end ECL-based mainframes through ECL- and MOS-based minicomputers 
to rapidly advancing desktop 32-bit microprocessor-based computers. Fujitsu's broad line of standard and 
application specific MOS and ECL SRAMs are designed to address the needs of today's designers who are 
facing the memory implementation problems faced in years past only by mainframe and minicomputer 
designers. This new wave of design requirements and resulting innovations are largely due to the intro- 
duction of second generation 32-bit microprocessors, the growing popularity of micro-based multiproces- 
sing systems, and the commercial acceptance of RISC processors, which boast unusually fast clock rates, 
and require one or two memory accesses per cycle. Consequently, memory performance, the fundamental 
bottleneck for most CPUs, must keep up with processor technology if the system performance is to im- 
prove. Even if main memory could keep pace, it can only match the speed performance of a dedicated 
processor. In multiprocessor systems, coprocessor systems and systems that best utilize DMA for I/O, 
sharing bandwidth is still the critical issue. 
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Figure 1-1. Fujitsu’s Role in the Functions of a Computer-based System 


1.1 Motivations for Using a Cache 

Cache memory is an additional level of the memory hierarchy that performs two functions. First, it 
provides a cost effective way to perform a memory cycle in a time that approximates that of the local proc- 
essor's memory cycle time. Secondly, by providing an additional level to the memory subsystem hierar- 
chy, the cache isolates the local processor's high-speed bus from that of main memory. This extra level of 
high-speed memory permits main memory to be implemented with inexpensive DRAMs, and to continue 
to provide a wide bandwidth for other devices that access the main buffer, such as other multiprocessors, 
DMA channels, graphics processors and math coprocessors. 

1.2 Cache Terminology and Implementation 

Cache is implemented by mapping a subset of the main memory into another memory subsystem 
whose cycle time is less than the minimum bus cycle time of the local processor to avoid wait states. 
Cached entries reside in this high speed cache data buffer, which is usually implemented with CMOS or 
ECL Static RAMs (SRAMs). 

1.3 Cache Association, Storage and Control 

Since cache supports only a subset of main memory, some way of identifying the original, or parent 
location in main memory from which the cached data originated is necessary, so that residency of a refer- 
enced instruction or datum can be determined (instructions and data will often collectively be termed 
data). A valid memory address will reference data located in one or more locations: local cache, main 
memory, or secondary storage (disk). To determine which is the case for a given memory access, cached 
data is stored with its associated address or tag. The tag is compared against the requested address to de- 
termine cache residency. Just as a request for data in a page that is not in main memory produces a page 
fault, so a cache reference that is not resident is termed a miss , while its counterpart is the always desired 
hit. 
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The tag buffer, best implemented with CMOS or ECL tag RAMs, interfaces to the cache data buffer , 
with which it is tightly coupled, and both are controlled by the cache controller that interfaces to the proces- 
sor and the cache. The controller, responding to a processor memory cycle, initiates the interrogation of 
the tag RAM to determine residency, then takes the appropriate action, depending on whether the result 
was a hit or miss. These hardware functions and their relationship are represented in Figure 1-1, which 
also reveals the breadth of Fujitsu devices available to implement the tag and data buffers in both ECL 
and CMOS systems. 

The last major cache system element is the bus monitor /bus controller, which observes the system bus 
(under most protocols) and controls access to and from the cache to main memory. To summarize, there 
are four functional blocks that make up the typical cache subsystem: 

1. tag buffer 

2. cache data buffer 

3. cache controller 

4. bus monitor 

The implementation of the tag and data buffers will be thoroughly covered in this Application Hand- 
book, while the controller and monitor will receive an overview. 

1.4 Cache Performance Justification: The Principle of Locality 

Because the cache is a subset of the main memory, it is susceptible to misses. These misses result in 
main memory accesses to read or write the missing data (usually by allocating and updating a line entry 
in cache). However, access to main memory suffers a delay penalty and, if such misses are frequent, cache 
may provide no obvious advantage except to isolate the processor from main memory. So why does cache 
work for buffers of surprisingly small size? Figure 1-2 shows a histogram of a program execution se- 
quence that plots the frequency (mode) of specific, logical address references for a single task over a pe- 
riod of time. The results are not too surprising: the references tend to cluster, a phenomenon described as 
the principle of locality . Since programs often execute in loops or recurrently referenced procedures, and 
as instruction fetches are sequential in nature, the probability that a subsequent reference will be nearby in 
the logic address space is fairly high. While data references are not quite as orderly, they also tend to clus- 
ter because of frequent operations on data structures such as arrays, records and stacks. 
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The Principle Of Locality 


Reference Frequency 



Figure 1~2. Typical “Clustering” of Instructions and Data Address References 


1.5 Determining Cache Residency 

Cache is defined by a number of protocols and parameters which explains its many and varied im- 
plementations in today's systems, each having unique requirements. These requirements include depth, 
block or line size, coherency and protocols, and mopping method of look-up. The latter impacts the struc- 
ture of cache and the implementation technology, as well as performance, warranting its discussion in this 
introduction. There are three fundamental methods of look-up: direct mapped, fully associative, and set 
associative. Another, less popular method called sector mapped, which was pioneered for the IBM 360, 
uses a fully associative tag buffer mapping into large data blocks. 

1.5.1 Direct Mapped 

Direct mapped (Figure 1-3) cache uses an index as an address into two standard static random access 
memories (SRAMs). One stores the data/instructions and the other stores tags that correspond to the data 
buffer contents at the same address (index). The tag buffer data at that address is compared against the 
tag of the pending request. A successful comparison results in a hit, and a miss indicates the tag at that 
index differs. (The index represents the lower order address bits of the cache address while the tag repre- 
sents the higher order bits, as illustrated in Figure 1-3). 

The disadvantage with this scheme is that multiple code or data lines (a line is one or more words of 
data associated with a particular tag, also called a block) which map to the same index will exclude all but 
one line from being resident in cache at a given time. Potentially, this may lead to an alternating miss 
scenario similar to the problem of thrashing in paged virtual memory systems. The advantages of this 
scheme are that the implementation is simple and access to the data is fast, since the index addresses both 
the tag buffer and the data buffer simultaneously. 




Fujitsu Microelectronics, Inc . 


Cache Tag RAM Design Information 


System 

Address 



Figure 1-3. Mapping Methods: Direct Mapped 


1.5.2 Fuily Associative 

Fully associative mapped caches, illustrated in Figure 1-4, solve the problem of index contention 
introduced by direct mapped caches by storing the entire address (sum of the tag and index) in a content 
addressable memory (CAM) which simultaneously compares the requested address against all entries. 
Therefore, a number of commonly referenced lines may be stored in cache up to the depth of the cache, 
and may be located anywhere in the mapped main memory without contention. 

One disadvantage of this scheme is that before the line entry from the cache data buffer may be ac- 
cessed, the determination of the hit and its location must first occur. Compared to direct mapped, this in- 
creases the overall cache access time by the access (hit determination) time of the tag buffer. Furthermore, 
because CAMs tend to be expensive, slow and small, they are more commonly used for Translation 
Lookaside Buffer (TLB) implementations and much less often used for cache tags. However, a more effec- 
tive scheme exists: set associative cache. 
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1 .5.3 Set Associative 

A set associative cache (Figure 1-5) of N set elements (degree of associativity, or ways), permits N 
different line entries to map to the same index. As with direct mapped caches, set associative stores only 
the tag in a RAM and uses the index as the address for this tag buffer. By contrast, the index selects N dif- 
ferent ways which are simultaneously compared against the tag to determine if a hit occurred, and at 
which set element it occurred. Since the set size is manageably small (2 to 4 elements), standard static 
RAM (SRAM) technology may be employed for both the tag and data buffer, thereby reducing cost, de- 
creasing look-up time, and supporting large caches. Its primary disadvantage is that the selection of the 
set element in the data buffer is stalled until the tag buffer look-up is performed. Fujitsu has helped solve 
this problem with the development of fast SRAMs specifically designed for data buffer implementations 
(see Section 4.2). 
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Figure 1-5. Mapping Methods: Set Associative 

The most popular and generally accepted cache implementation is set associative, since it can be 
made to meet performance goals (average access time, hit rate and hit detection time) while still maintain- 
ing reasonable cost. Furthermore, although studies have shown that hit rate increases with degree of 
associativity. Figure 1-6 suggests that the greatest improvement in hit rate occurs when changing from 
degree equals one to two or four. The set size on the independent axis of Figure 1-6 indicates the degree of 
associativity, which is two or more for set associative mapping, but more commonly two or four. A degree 
of one is the case of direct mapping, while degree of N is the case of the fully associative implementation 
where N is the depth of the tag buffer. 
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Fujitsu has implemented set associative mapping with the MB81C51. Therefore, it will be assumed 
that set associativity is being employed throughout our discussions. 

1 .6 Cache Coherency 

Incoherency may result in bad side effects due to inconsistency between copies of the same data. Al- 
though it is not necessarily an error for cache and main memory to possess differing copies of the same 
line, if at any time the most current copy is not the one referenced or is mistakenly overwritten, then we 
have lost data integrity. There are primarily two situations in which coherency may be compromised if 
corrective or preventive policies are not imposed. 

1 . The local processor causes cache and main memory copies, as well as any other copies in the sys- 
tem, to differ by writing to the local cache buffer. This problem of locally affecting incoherency 
can be resolved by updating. 

2. Another processor or an 1/ O device writes to main memory data that references a line cached 
somewhere else in the system. One method of avoiding this globally affecting incoherency is by 
bus monitoring. 

Although the goal of cache design is to enhance system performance, more specific goals that can be 
empirically measured are often used as guidelines for design. One goal is to minimize average cache cycle 
time and a second is to maximize available system bus bandwidth (use as little of it as possible). 

These interdependent yardsticks of cache performance, along with practical issues such as design 
complexity and cost, are responsible for the division in the two fundamental protocols of cache coherency: 
write-through and copyhack (or write-back). Write-through schemes are simpler and inherently exhibit 
higher data integrity, while providing moderate performance. This makes them ideal for the high per- 
formance desktop and deskside workstations and business computers which require low cost blended 
with high performance. A variation known as buffered write-through is well suited for the very high per- 
formance desktop/deskside systems such as workstations, because it provides for optimal average cycle 
times. There are so many factors associated with and impacted by any given coherency protocol that Sec- 
tion 5.0 has been dedicated to this subject. 
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1.7 The Concept of Virtual and Real Caches 

Virtual cache is one that is referenced by virtual addresses, while a real cache is one that accepts real 
addresses such as those addressing physical main memory. Therefore, in virtual memory systems using a 
real cache, a memory management unit (MMU) resides between the cache and the processor. A virtual 
cache, by contrast, does not translate the address unless main memory is to be referenced, (although the 
translation normally proceeds concurrent with the tag inquiry to minimize delay, should a miss occur). 
The placement of the MMU, determined by the use of a real or virtual cache, was shown in Figure 1-1. 

Whether virtual or real caches are employed affects the coherency protocol as well as the address 
translation and the overall construction and operation of cache. Section 6.0 provides application recom- 
mendations which consider the effect of virtual or real cache on the design of the cache subsystem. 

1.8 Summary and Introduction 

The cache, as a high-speed local memory storing a subset of main memory, offers the advantages of 
zero wait state memory cycles at a cost that benefits from permitting DRAM primary memory to store the 
bulk of the data. As an added level of memory hierarchy, it isolates the processor from demands for the 
system bus and restricts system bus accesses to miss-induced replacements, I/O space accesses, non-cach- 
able data references and other general system bus routines. 

Having reviewed some of the basic cache concepts and terminology of cache, as well as the funda- 
mental theory and mapping mechanisms, we are now prepared to investigate the operation and function 
of the Intelligent Cache Tag RAM, followed by its system integration. 
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2 . Supporting Operations initiated by the Processor 

Certain general operations that the cache must perform are dependent upon processor-generated 
states and system bus-generated states. This section briefly addresses these operations, their detection and 
invocation. Set associativity is the assumed protocol unless otherwise indicated. Fujitsu's MB81C51 Cache 
Tag RAM is used to illustrate the buffer construction. For more information on this device, refer to Appen- 
dix 1. 

2.1 Responding to Processor Bus Actions 

The cache system must perform the following functions in interfacing the local processor: 

1 . The cache system must be able to determine whether the current bus cycle initiated by the proces- 
sor is one in which cache should participate (a cache cycle). 

2. If the current bus cycle is a cache cycle, the cache system must respond appropriately to the re- 
quest by either executing a cache cycle or suspending the processor until the request can be satis- 
fied. 

3. In the case of a non-cache cycle (such as a graphics I/O port operation that is not cached), the 
cache system must become dormant or inhibited and must not provide contention when the proc- 
essor wishes to bypass the cache. 

4. The cache system must perform all necessary functions, requested by the processor and/ or its 
co-processors that may access the local cache (read, write, cache flush, invalidate entry, disable 
cache). These functions may be performed with or without the processor's direct control, depend- 
ing on system requirements (whether software or hardware controlled functions are imple- 
mented). 

The state diagram in Figure 2-1 describes a generic controller that can perform such operations. 
These operations, such as selective invalidation, may not always be initiated by the processor, but the ex- 
ample should provide an understanding of the initiation of operations and their function. 
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Figure 2-1. State Diagram of Cache Controller 
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2.2 Performing a Cache Cycle 

Cache, because of its performance requirements and complex timing considerations, is tightly cou- 
pled with the processor in use. Therefore, this section will discuss how processor and cache signals are 
coordinated to perform read and write functions. 

2.2.1 The Sequence of Performing a Cache Cycle 

During processor data/instruction cycles, the processor initiates the cycle by driving address and 
control signals (READ/WRITE, FUNCTION CODES, MEMORY/I/O indicator) and an ADDRESS 
STROBE, CLOCK and/or other qualifying signals to sample the CONTROL and ADDRESS lines. At this 
time, the cache must quickly determine whether the current bus cycle is one it should participate in, or 
whether it should back off. 

If the access is to cache, then the cache controller enables the processor address to the index and tag 
inputs of the tag buffer while also driving the index, block address and byte select signals to the cache 
data buffer. As the tag buffer is performing an interrogation to determine residency of the requested entry, 
the data buffer is being addressed by the index, block and byte addresses. 

2.2.2 Executing the Cache Cycle on a Hit 

When the tag buffer indicates a hit has occurred by asserting HIT the HIT/REP (set element selec- 
tion) is used to select data that corresponds to the set element forcing the tag hit. Depending on the timing 
requirements of the processor, an ACKNOWLEDGE signal (which will generically be called ACK) is usu- 
ally generated from the HIT' at this time. Once the data is selected from the data buffer, it is set up on the 
processor's data bus with sufficient set-up time to be clocked by the edge terminating the bus cycle. 

In the read cycle, the timing of the ACK to the processor and the data from the cache data buffer are 
the most critical. An example of cache timing in a 68020 environment is depicted in Figure 2-3 using the 
synchronous timing mode of the 68020. Since set associative caches do not generate set element selection 
information until the time a hit is determined, the data buffer enable time is quite important. Section 4.2 
deals with alternatives in the construction of the data buffer to minimize this delay. 

In the case of a processor memory write cycle, the tag buffer is also interrogated but, when HIT' is 
asserted, the data buffer (already enabled for a write) is written to as the HIT/REP signals select the set 
element. If a write-through coherency scheme is employed, then main memory is written to concurrently 
with the cache write. 
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Figure 2-2. Cache Timing of a 68020 Environment 


2.2.3 Cache Hit Sequence (81C51 to 68020) 

An example of interface timing is shown in Figure 2-2, which illustrates the important timing rela- 
tionships in interfacing Fujitsu's 81C51 to a processor such as the 68020. The address, which appears after 
t6/ drives the cache buffer directly, saving the delay of waiting till AS' appears tn later (though there is no 
reason the address could not be registered by the qualifying AS and CLK'). The HIT' and HIT/ REPLACE 
information appear tAH later and generate the acknowledge (DSACK') and data buffer enable signals, as 
well as others. tgLQV/ the chip select access time is, at this point, the only major component of delay re- 
maining before data is retrieved and set up on the processor t 27 in advance of the falling edge of the S4 
CLK. The inequality shown at the bottom of Figure 2-2 represents the requirement to meet zero wait-state 
cache operation, given the described configuration and timing. 

2.2.4 Executing the Cache Cycle on a Miss 

When a cache read cycle results in a miss, the requested data must be retrieved from main memory 
and written to the cache and the processor. A slot, or new line, must be allocated in the tag and data buff- 
ers to accommodate the missing tag and line. The determination of this slot is performed by the cache tag 
buffer or cache controller using an algorithm in hardware. To retrieve the data, cache requests access to 
main memory and fetches the line containing the missing data. The tag is then (or often concurrently) 
written to the tag buffer to validate the cache line. The fetched line is then written to the data buffer and 
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the requested word is set up on the processor. The ACK, which has remained deasserted up to this point, 
is now asserted, thereby terminating the bus cycle. 

In the case of a write cycle that misses, precisely the same sequence occurs, including the fetch of the 
line from main memory (unless the block size equals one). Since a write operation is of one word, the oth- 
er words in the block are unaffected; they must be copied into the data buffer and then the write may be 
performed on the affected line entry. For a higher performance, there are existing variations that involve 
registering the data to be written and updating the data buffer after the processor's bus cycle has been 
terminated. 

2.3 Selecting the Optimal Replacement Way: the LRU Algorithm 

H/R# is a signal that determines whether the tag inquiry references a replacement or searches for a 
hit. When a miss occurs, the H/R# input is cleared (LOW) in order to select replacement data for two pur- 
poses. The first purpose is to select the set element to be written into the data buffer (using the external 
HIT/REP outputs) and the second purpose is to enable the way in the tag buffer to overwrite (using the 
internal HIT/REP signals). The H/R# signal selects a 2:1 mux which passes either the hit information 
about the individual way's hit, or the replacement data which is driven by the least recently used (LRU) 
logic. This LRU logic maps data from the LRU table into enable signals that indicate which set element at 
that index is the "oldest" and thus prime for replacement. The inverse of this logic function also updates 
this table when read, write, and selective invalidation operations are executed, as shown earlier in Figure 
2-1. There are three updates that are performed on the LRU table: initialization, forward update, and in- 
verse update; a more detailed discussion of these updates follows. 

2.3.1 Initializing the LRU 

When the tag RAM is initialized by asserting the PURGE' signal, the validity bits for each entiy (and 
all set elements) are reset to indicate cache is empty; thereby making all set elements invalid. At the same 
time, the LRU table is reset to a known, defined state shown in Figure 2-3. 
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2.3.2 Forward Updating of the LRU Table 

When an inquire mode read cycle occurs (SET' kept high during the read), it has no effect on the LRU 
table: nothing ages, nothing regresses. However, an update mode read operation in which a hit occurs or a 
write operation, both modify the table to reflect that the referenced element in the set is the most recently 
referenced. As an example, assume the LRU table has been initialized as shown in Figure 2-3. The proces- 
sor initiates a cycle and the tag buffer is interrogated at index 001H. The tag on TD0..TD19 matches that of 
set element #2, indicating a hit that, as SET is asserted, modifies the LRU state to reflect that #2 is the 
youngest, or most recently used. This is illustrated in Figure 2-4. 
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Figure 2-4. Forward Updating the LRU 
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2.3.3 Inverse Updating of the LRU Table 

Selective invalidation clears the validity bits of the set element selected by either explicit invalidation 
(selecting the set element from signal pins, such as the SB0/SB1 signals of the MB81C51) or implicit invali- 
dation (performing a tag comparison to determine the set element, then incuding it). Since the element 
that is invalidated is the preferred one to replace, the invalidation cycle modifies the LRU table so that the 
invalid element is now the oldest. Since this ages the element and has an effect that is the complement of 
the forward update, it is termed an inverse update , because the update algorithm is essentially applied in 
reverse. 

Using the existing example (after the forward update), let's say that we implicitly invalidate a tag 
that hits element #2 of index = 001H. The element hit is inversely updated and the LRU table is modified 
at the assertion of SET' to the state indicated by Figure 2-5. 
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Figure 2-5. Inversely Updating the LRU 
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3. Constructing the Cache Tag Buffer 

This section will discuss the hardware configuration based on the specification of parameters such as 
set size, depth, and tag size. 

3.1 Choosing the Index and Tag Size 

The size of cache is defined in terms of its depth (D), block size (B) and degree of associativity ( W) in 
the following way: 

Eq 3.1 

cache size = D * B * W 

Since the index is used to address the cache in depth, the size of the index address field should be (in 

bits): 

Eq 3.2 

index size = LOQ(D) 

As an example, if we have a two-way cache with a block size of 4 words, an 18-bit tag, (2-bit byte se- 
lect) and a 10-bit index, we then have a cache buffer that is 2 * 4 * 2 * 2 10 ) = 8K 32-bit words, with a tag 
buffer depth of 2K tags. This 32K byte cache can be implemented with a single 81C51. 

3.2. Effect of the MMU on Hit Access Time 

For systems that use virtual memory, the address consists of two fields, a page number and an offset. 
The page number is virtual and must be translated into a page frame number that maps to main memory, 
and the offset is real or not translated. In the TLB translation, the page number field incurs a delay relative 
to the offset. This delay does not occur when the MMU is on board the processor and the entire address 
becomes valid simultaneously. 

Set associative tag buffers generally provide a faster hit access time from tag transition than from the 
index. If the index, lower order bits and page offset share the same bit field of the address, as shown in 
Figure A-l-9, then the TLB translation delay can be effectively reduced by up to Uah-Tth ), the difference 
in the index and tag access times. Therefore, the worst case hit access time, including the MMU delay, is 
defined as: 

Eq 33 
if 

then 
Eq 3.4 

if (MM Li < (i AH ~ hH) 

then t H n = t/ai 

where Immu is the delay (translate) time of the MMU, and f^H and ta arc the index address to hit and the 
tag field to hit times, respectively). 


iMMU > (1 AH - 1 th) 
tHTT = tAH + (iMMU ~ (lAH ~1 th)) 
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However, if any part of the page number maps into the index field, then that part of the index field 
must propagate through the MMU. In the event of such a propagation, the worst case cache access time 
becomes: 

Eq 3.5 

*HIT = *AH + tMMU 

Thus, in real cache implementations where a MMU skews the higher order address bits, optimal hit 
access time occurs when the page offset is at least the size of the index field plus the byte and line address 
(all in bits per address field). 

Eq 3.6 

PAGE _OFF SET ^ INDEX + BYTE_SEL + BLOCK_ADDR 


3.3 Configuring the Tag Buffer Given the Tag Size 

As discussed in Appendix A-l, the address is comprised of a tag field, an index field, and a block 
and byte select field. Thus there is a proportionality between the field sizes and the address width (see 
Figure 3-1). For a given address width, say 32 bits, increasing the cache tag buffer size results in reducing 
the tag size, because the index field increases while the address size remains fixed. For these reasons, a tag 
size of 20 bits is, typically, more than adequate. However, cases may arise in which larger tags are needed. 
One case that may be an example is the new RISC processors which drive the virtual address space field 
with a page number and offset to be translated. If the cache is virtual, it may well see an unusually large 
address which requires a larger tag. Fujitsu's MB81C51, for example, supports a 20-bit tag field. If larger 
tags should be necessaiy, they should pose no particular hardship on the MB81C51, as the following ap- 
plication information will show. 
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Figure S-l . Address Bus Fields 


By applying all inputs to multiple tag RAMs in common, with the exception of the unique tag fields, 
the width of the tag buffer and, consequently, the tag size can be enlarged. Figure 3-2 provides an exam- 
ple of a circuit that supports a 40-bit tag and a cache size of 2K lines configured as two-way. Notice that 
the outputs must now be gated and the timing sequence will change, since the LRU update on the read 
cycle (and the implicit selective invalidation) now require a hit to occur in both tag RAMs in parallel be- 
fore the entire buffer is considered to be "hit." The operation of this circuit is described as follows. 
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GP ™ TMT 


Figure 3-2. Implementation Example for Wide Tags (>20 Bits) 

3.3.1 HIT Detection on the Read Operation 

Index, decoded tag (split fields as shown) and other inputs, except SET', are applied in the same way 
as in the single width case. The individual HIT' lines are ORed to produce the global cache hit signal 
(GHIT') and used in the same manner as HIT' to generate system control signals. Notice that the gating of 
HIT' is such that all devices in parallel must assert their respective outputs to assert a system HIT'. This is 
necessary since all parts of the tag field must match in order to have a complete match. This is different 
from the method described in Appendix A-1.10 (stacking devices in depth) in which a hit in any one de- 
vice indicates a complete cache hit. 

3.3.2 Updating the LRU 

The LRU table should only be updated when both RAMs, in parallel, are hit (GHIT' asserted). Since 
SET' updates the LRU, its assertion can be delayed until the global hit is detected. The effect of this ap- 
proach is to increase the hold times of the tag, index and the other input signals. 

Furthermore, selective invalidation that depends on a hit for execution (implicit invalidation) must 
wait for GHIT' to assert SET'. If the invalidation is initiated but SET' is never asserted (as the result of one 
or more of the tag fields not matching), then no invalidation will occur. 

The purge and write operations can be performed in the same manner as in the single width case; 
therefore, the WRITE' and PURGE' signals can be tied common, as can INVL' and all inputs except the tag 
data. 
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Since the LRU table of all devices in parallel is modified in unison, the tables will be identical. There- 
fore, the HIT/REP outputs of either device can select the data buffer set element. In fact, the duplication in 
the LRU buffers could be utilized in fault tolerant systems with the aid of hardware comparison circuitiy. 

3.4 Relating the Index and Tag to Main Memory Mapping 

Index and tag field sizes relate to main memory because they create a type of partitioning of main 
memory (similar to the way that paging partitions memory into frames). Figure 3-3 illustrates how the 
choice of index and tag size affects this segmentation. These field sizes, combined with the way in which 
data and instructions are stored in main memory, influence the hit rate and establish that there is an im- 
portant relationship between the compiler, the operating system and the hardware architecture; i.e., the 
combination gains an optimal performance. Therefore, this can be a helpful model not only for hardware 
engineers, but compiler, linker and loader writers as well. Furthermore, this model is quite useful for the 
designer when defining fixed function memory segments (I/O space, frame buffers or other buffers) and 
fixed shared memory spaces. 



Figure 3-3. Effect of Tag and Index Fields on Main Memory Partitions 


Using this model, a vertical line drawn down through all the sectors represents the largest set of tags 
that can have the same index. If, during program execution, the "working set" of main memory pages 
happens to include data or instructions having the same index, then some cache entries may be replaced 
by other data (if the number having the same index exceeds the set size of the cache). This is demon- 
strated in the model in Figure 3-3 by observing that the constant index line (vertical) "cuts" more ad- 
dresses in the working set than the degree of associativity of the cache. Therefore, the choice of the tag and 
index size, as well as the degree of associativity, are all interdependent with software and quite important 
in guaranteeing a successful cache implementation and utilization. 
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4. Construction of the Cache Data Buffer 

Up to this point, the focus has been on the implementation and characteristics of the tag buffer. Once 
a hit or miss has occurred, upon interrogating the tag buffer, the next action usually involves reading from 
or writing to the data buffer. This coordination requires a close coupling of the two buffers, an important 
consideration in the construction of the tag and data buffers. 

4.1 Interface Between the Data and Tag Buffers 

The tag buffer stores addresses which correspond to data contained within the cache data buffer. 
Therefore, it is the data buffer, comprised of SRAMs (such as Fujitsu's MB81C69A, MB81C78A, or 
MB81C79A) or special purpose data buffer device (such as the MB81C79B), which stores the actual in- 
structions and data. 

For example, in order to select a data entry, an index address, a set element (generated by the tag 
buffer) and a block, address and byte enables are used to define where the referenced data resides. The 
index applied to the tag buffer simultaneously addresses the data buffer. While the tag comparison in a 
read cycle is being performed, the known addresses are used to access the data buffer (a read cycle will be 
used throughout this section as an example). The known addresses are the index, block, and byte enable 
signals. However, since the HIT information is not generated until the HIT access time after address tran- 
sition, tAH becomes a gating factor in retrieving data from the buffer when it is present in cache. The fol- 
lowing schemes of constructing buffers attempt to minimize this delay. 

4.2 Fast Selection of the Proper Set Element (Way) 

The time to select the set element after hit determination is critical enough to warrant a discussion of 
tradeoffs in speed, convenience, memory size granularity, and implicitly, cost. The following are three fun- 
damental approaches to data buffer design that consider the set element selection delay. 

4.2.1 Element Selection: Chip Select or Output Enable 

Figure 4-1 depicts a scheme in which the outputs of all set elements for all common data bits are 
wire-ORed and depend on the output enable signals (G') or chip selects (E') to select the particular ele- 
ment using the HIT select outputs of the tag buffer. Each HIT drives a group of chip selects that select the 
set element; then each group is further qualified by the byte enables. This method selects the element in a 
time constrained by the chip select access time. CMOS SRAMs such as Fujitsu's MB81C69A, with chip se- 
lect access time faster than address access times, are ideal for this implementation. 
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Figure 4-1. Cache Data Buffer Set Element Selection by Decoded Enables 


4.2.2 Element Selection: Encoded Address Inputs 

If the HIT/REP signals are encoded, they may be used to directly drive address inputs of the data 
buffer RAMs, provided the last address access time of the RAMs is sufficient to guarantee data selection 
time (see Figure 4-2). (See Figure 4-2). This would also permit finer granularity of the memory devices 
used for cache memory since four ways (or two) would be combined into one memory device, reducing 
the depth by that same factor. 
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Figure 4-2. Cache Data Buffer Set Element Selection by Encoded Address 

This approach may be useful in systems which can afford the address access time in addition to the 
HIT access time, need finer granularity of the cache memory depth or utilize innovative "nibble access" 
SRAMs by Fujitsu. 

4.2.3 Element Selection: Application Specific Devices 

Fujitsu's MB81C79B is an example of a memory designed especially for cache implementations 
(though it suits other implementations). It supports a wide word width (9 bits), fast column address for 
fast addressing of line elements at a faster access than the remaining address bits. Fujitsu will continue to 
develop devices architecturally suited for specific cache implementation. 

4.3 The Implementation of Split Caches 

In systems based on the Harvard architecture in which data and instruction buses are disjointed and 
simultaneous fetches can occur on both, dual caches exist to support the buses independently. The same is 
true of modem Von Neumann processors that possess multiple bus paths and caches for data and instruc- 
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tions, such as the Motorola 68030 or the Intergraph Gipper™- These are examples of split caches that dis- 
criminate by data type (data or instruction). Split caches may also separate user from supervisor space, or 
a four-way split cache may distinguish both types of characteristics. 

4.3.1 Data/Instruction Caches 

Many general studies have failed to show conclusively that split instruction/data caches in Von 
Neumann machines are necessarily better than combined caches [Alexander, '86]. However, studies have 
shown that instruction references are more localized over time averaging than are their data counterparts. 
The discussion of this phenomenon will not be addressed here, but the references at the conclusion of this 
Applications Handbook offer additional sources. The construction of split caches and consideration of 
their performance merits follows. 

As Section 5 will describe, the control of modifiable data is complex and ties up the cache with addi- 
tional overhead. By splitting the caches, the control of the instruction cache (assuming code cannot be 
modified) becomes much simpler since instructions will not be locally modified, thereby reducing the op- 
portunities for incoherency and simplifying the cache control logic. Additionally, the reduced logic over- 
head may provide for faster instruction fetch times, particularity important for RISC architectures em- 
ploying single-cycle instruction execution. Furthermore, with proper bus isolation, it is possible for the 
processor to access the instruction cache while the bus monitor accesses the data cache. The very sequen- 
tial nature of the instruction addressed could also be used to the best advantage. Certainly if the processor 
is Harvard-based, the split caches would be the natural implementation choice. Obviously, there are many 
advantages of split caches when one looks beyond the single issue of hit rate to other issues such as those 
discussed above. 

The implementation of split caches is not difficult and can be transparent to software. Unlike main 
memory, cache is demand fetched at the time of processor fetch. During a bus cycle, most processors sig- 
nal whether data or instruction, or user or supervisor data is being referenced. These signals control 
which of the split caches is to be selected. When designing these caches, the arbiter/ controller that coordi- 
nates processor and system accesses must carefully arbitrate the caches and ensure no bus contention oc- 
curs. This is aided by the use of bus isolation to provide separate bus paths for the caches to the system, 
and perhaps registers to isolate the cache from the local processor. 

4.3.2 User/Supervisor Caches 

Split caches separating the user and supervisor spaces can be implemented to provide elegant solu- 
tions to coherency control. In virtual memory systems requiring cache to be flushed on context switches, a 
simple solution is to flush the entire cache. However, since this approach invalidates valid entries as well, 
it is not optimal. By separating user and supervisor code, the user space may be flushed independently, 
leaving the supervisor space intact. This is advantageous since the supervisor space often maintains the 
same virtual space (perhaps even a real space) and therefore need not be flushed. 
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5. Implementation of Coherency Protocols 

There is a plethora of protocol and implementation alternatives for coherency control falling into two 
basic categories. The two catagories are write-through (or immediate) and copyback (or delayed update, 
also called write-back). Both are implemented by hardware and, perhaps, assisted by software. This sec- 
tion will begin by briefly discussing the coherency protocols. 

5.1 Write-through Cache Schemes 

The write-through protocol dictates that every cache write operation should also be directed to main 
memory. This permits all cache modifications to be visible to any unit interfacing to the system bus and 
assures that main memory and cache copies are identical at all times. 

This method is simple and reliable, and intrinsically protects against coherency violations in cases 
where I/O or another processor may read from main memory. However, the issue of I/O or other proces- 
sor writes to main memory presents a problem which is resolved in Section 5.4 on bus monitoring mecha- 
nisms. 

The write-through update method guarantees coherency by ensuring that main memory copies are 
always consistent with cache copies, for all cached data. Furthermore, write-through is the simplest to im- 
plement and requires the least hardware. There are two basic variations to write-through, depending on 
whether the write to main memory is immediate (straight write-through) or delayed (buffered write- 
through). 

5.1.1 Straight Write-through Updating 

A simple approach in securing coherency is to force the processor to wait while the data is written to 
the local cache and main memory. When the processor write is detected, the tag buffer is interrogated to 
determine residency while the write cycle to main memory commences. By delaying the acknowledge- 
ment to the local processor, the controller may acquire the system bus and write data to the main memory 
and local cache (often done concurrently). 

In the case that the written data is not cached, there is no performance penalty in directing the write 
to main memory, since the entire block must be retrieved in any case. A technique motivated by this fact is 
one in which cache slots are not allocated on cache write misses, only hits. Although interrogation is still 
required, additional slots are freed for read-only and read-first, read /write entries. Furthermore, if a slot 
is allocated for a missing entry, the entire block must be copied into cache from main memory after the 
write data has been written to the system bus. Therefore, in the case of straight write-through, avoiding 
allocation reduces the write time by an amount equal to the main memory block transfer time. 

5.1.2 Buffered Write-through Updating 

The two drawbacks associated with the write-through scheme are 1) a long cache write cycle time 
and 2) high system bus bandwidth consumption. Buffered write-through reduces the write cycle time to 
that of the read cycle by releasing the processor from having to wait until the main memory write cycle is 
complete. Figure 5-1 illustrates a block diagram of a buffered write-through system at the heart of which 
is a buffer and controller that stores the written data and its associated address for subsequent transfer to 
main memory. With written data in the buffer, the controller then accesses the system bus and updates 
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main memory. Should the processor perform a subsequent write while the previous one is pending, it is 
also buffered. This may continue until the buffer's capacity is exhausted. 
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Figure 5-1. Buffered Write-through System 


Though implementing a buffer and controller for buffered write-through may appear complex, it can 
be as simple as using a register for both the data and corresponding address. The write data is then regis- 
tered, the processor freed to continued and the data transferred to main memory by cycle stealing. If a 
subsequent write happens to appear before the latent write data is transferred to main memoiy, the proc- 
essor is then halted. Alternatively, the buffer may be extended in depth. If the maximum time to transfer a 
write is less than the minimum time between successive writes by the processor, the buffer will never 
force the processor to wait. More realistically, however, is a probable determination of average cycle time; 
an issue discussed in Section 5.3 regarding quantitative analysis of the coherency schemes. 

The function of the buffered bus monitor is depicted in the state diagram in Figure 5-2. Several vari- 
ations of the scheme are possible, depending on the protocol choices made by the designer. For example, if 
cache slots are allocated on cache misses during writes, a block transfer after the main memory write is 
required. A more detailed discussion of buffered write-through is presented in Section 5.5. 
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5.2 Copyback Schemes 

While buffered write-through shows great promise by supporting fast cache write cycle times, it still 
degrades available system bandwidth since every write must eventually reach main memory. Conse- 
quently, parallel processing systems may be inclined to employ copyback schemes, which reduce 
bandwidth requirements by updating the store only when necessary. 
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Although popular in mainframe computers, copyback schemes are complex to implement, requiring 
more overhead logic and more complicated analysis to ensure coherency reliability when compared to 
write-through or buffered write-through systems. Furthermore, although bus bandwidth is gained with 
the use of copyback, many high performance desktop computers, including high-end workstations, utilize 
the more economical write-through or buffered write-through approaches. While the bandwidth issue has 
often driven designers of multiprocessor implementations to copyback schemes, write-through and its 
variations find their way into many highly parallel systems, even those with up to 32 processors. For this 
reason, Fujitsu has designed the MB81C51 to be used in write-through and buffered write-through sys- 
tems which demand fairly large, high-speed caches. This section, therefore, is provided for the interested 
designer as an introduction to copyback and its various implementations. 

5.2.1 Approaches to Copyback 

There are a vast number of approaches to copyback which vary in control (distributed versus central- 
ized), allocation of data, monitoring other requests for data, etc. Examples are write-once, the Goodman 
public/ private cache, and the snoopy cache by Rudolph and Segall. Generally, copyback schemes require 
additional descriptors which are associated with each line and indicate the privilege (level of local access) 
and update condition of the line. These descriptors are managed and kept in the local caches (or main 
memory if centralized control is employed). Although varied, most of the methods have some com- 
monality in their access permission and update approach; these are: 

1 . Requests for data to be cached are directed to main memory (as with typical misses). 

2. Read or Write (or equivalently public or owner) privileges to the data are assigned to the re- 
quested line. The privileges are often implemented as another field along with the tag. 

3. Other caches holding the same line may have to change the rights of the local line to be consistent 
with the granted rights. 

4. Any dirty lines (containing data that has been modified in cache but not in main memory) in 
cache must be updated before a new copy is granted. This may involve suspending the current 
system request and updating main memory. 

Even with copyback implementations, there are still several occasions when main memory access is 
required, but the frequency of these accesses is generally much less than exhibited by write-through 
schemes where typically 18 percent to 33 percent of the total number of memory accesses are writes and, 
consequently, must go to main memory. RISC processors, however, tend to have different requirements 
that may make copyback somewhat less advantageous than write-through. Due to the large register files 
that have defined RISC machines, many writes never go to the external bus. In fact, the Fujitsu RISC pro- 
cessor SPARC™ typically accesses the external bus only about 5 percent of the time when compared to the 
frequency of instruction and data fetches. This reduces the penalty for writes and makes write-through 
systems nearly equal in bandwidth performance with copyback. Conditions that may force a main mem- 
ory access when copyback is employed are: 

1 . Cache miss on read requires reading a line from memory (perhaps assigning read-only, or public 
access privileges to the cached line). 

2. Cache miss on a write means a line may be provided to the local cache under read/write privi- 
leges (meaning exclusive or private ownership). 

3. A cached line has write privileges and a main memory request is made for the same line. In some 
schemes the line is always written to main memory and either invalidated locally (if the request is 
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for a write) or local rights are reduced to read-only (if the successor received read-only privi- 
leges). A more efficient scheme is to update main memory only if the local copy is dirty, though 
this requires tracking a dirty bit. 

4. When context switches in a virtual cache scheme, it is usually necessary to flush out entries in the 
virtual space of the swapped task. This may require writing dirty data out to main memory. 

This is a function that the MB81C51 cannot directly support, since the tag, once written, cannot be 
read back out, only compared against another tag. However, future Fujitsu tag RAMs should pro- 
vide expanded functionality to support these and other operations. 

Notice that I/O may operate given the above protocol, but without holding its own privileges, since 
all caches will be monitoring the system bus with I/O operates. 

5.2.2 Centralized versus Distributed Control in Copyback Cache 

If centralized control is implemented, then main memory must store the access level bits of each line 
and coordinate the assignment of the lines. Additionally, in some way, local caches must be capable of re- 
sponding to update cached lines to main memory, as well as invalidating them as necessary. There are two 
drawbacks to centralized copyback control. First, a centralized controller can not determine consistency 
(dirty data), since local accesses to the data are hidden from the system bus and, therefore, main memoiy 
must always be updated when read/write privileges are reduced. Second, the local cache must still man- 
age the privilege level and, in particular, enforce the read-only level by intercepting the writes to these 
restricted lines and treat them as misses. 

Distributed systems require a bus monitor, similar to that used for write-through systems, with the 
exception that it must detect system bus reads as well as writes. Distributed copyback must also be capa- 
ble of enforcing read-only protection. 

5.3 Evaluation of Performance Efficiency 

Having determined the optimal coherency protocol to employ, the designer must consider cost, reli- 
ability, ease of design, and of course, performance. In this section, two performance measures will be 
evaluated for each of the coherency protocols previously discussed. These are average cycle time and bus 
bandwidth utilization. 
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5.3.1 Evaluation of Straight Write-through Systems 

When all cache writes are being directed to main memory, the cache write cycle time becomes con- 
strained by the average main memory write cycle time, which includes arbitration time to acquire the sys- 
tem bus. Furthermore, since an entire line must be transferred into cache from main memory, the block 
transfer time is critical to the overall average cycle time of a system, regardless of the update protocol em- 
ployed. Assuming that H, the average cache hit rate for both reads and writes, has been reasonably deter- 
mined, the average memory cycle time can be represented as the following equation (assuming zero wait 
state operation): 


Eq 5.1a 
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tMWCT = H * Urc * (1 - W) + fMWC * VlUl-H)* [(1 - W * tBT (L) + W * (tBT(L) + tMWC)l 
= H * [tRC * (1 - W) + tMWC * W] + (1 - H) * [tBT (L) + w * tMwd 
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where a fraction W of the memory cycles are writes and incur a main memory write cycle time of tMWC, 
which reflects the system bus arbitration time. tBT is the time to transfer a block of size L, which includes 
the time to acquire the system bus and transfer an entire line in burst fashion. tRC is the cache read cycle 
time. The (1~H) term is fairly complex, since in the case of a write miss, it must include tMWC and may or 
may not include the block transfer time, depending on the chosen protocol. This operation is more fully 
described in Section 5.6. Equation 5.1a assumes the transfer takes place on write misses. 

Since write-through may consume much of the available main memory bandwidth, it is important 
that the utilization be quantified so that system behavior can be properly modelled. Using the same nota- 
tion as equation 5.1a, and representing the average available main memory bandwidth by FSB (in words/ 
sec, assuming main memory and the processor bus are of the same size), the average main memory bus 
utilization can be approximated by: 

Eq 5.1b 

Ubw= Fpu/Fsb 

= 1/IFsb *[Fb*H* [tRC *(1-W) + tMWC * W + (1 -H) * [tBT(L) + W* t M wcW 

where FPU is the average system bus frequency of utilization by the local processor. Fp, which is the local 
processor's average memory cycle frequency (accesses per second), can be calculated by averaging the 
total number of reads and writes over time (regardless of whether or not they are cache resident, an issue 
considered by the average hit rate). 

The calculation of FSB for use in equation 5.1b is important and should include burst transfer modes 
for DMA and cache line transfers, if the system supports such a function. This utilization estimate, being 
simply an average, may not anticipate the most catastrophic scenarios in which the bus is most heavily 
utilized. Modelling buses more completely is covered by texts on computer architecture, and typically in- 
volves modelling the bus by applying queuing theory and assuming that bus cycles are sufficiently repre- 
sented by a Poisson or other distribution. This approach is used in Section 5.53 to determine FIFO size for 
buffered write-through systems. 

5.3.2 Evaluation of Buffered Write-through Systems 

Buffered write-through will reduce the average memory cycle time by reducing the cache write cycle 
time to that (or nearly that) of the cache read cycle (i.e., tWC -> tRC). Therefore, the average memory cycle 
time is now (again assuming zero wait state operation): 

Eq 5.2a 

tMCBWT(l) = H * tRC + (1 ~ H) * [(1 - W) * tBT(L) + W * tRT(L) + tMWc)l 

By design, it is also possible to free the processor up in case of a write miss, as long as the time to 
transfer the remaining line elements is less than the average time to a subsequent read, since the processor 
must halt if the transfer is not complete by the time of the next read or write of that line. If this approach is 
taken, the average cycle time approaches: 

Eq 5.2b 

tMCBWT(2) tRC + (1 -H) * [(1 -W) * tBT<L)] 
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Note that equations 5.2a and 5.2b assume that the time to transfer a write to the buffer is no more 
than the cache read cycle time. 

Although the added buffer reduces the average memory cycle time, it does not reduce the number of 
main memory cycles. Therefore, assuming identical block transfer and write cycle times, as well as main 
memory frequency, the average bus utilization time is the same as for straight write-through. However, 
the distribution of writes, that is, the time at which specified writes occur in time, is not necessarily the 
same due to the buffer's effect. 

Due to the variety of methods, implementation dependency and sensitivity to program behavior, 
copyback performance criteria are difficult to determine and therefore, are not evaluated in this Applica- 
tion Handbook. In general the average cycle time for a copyback system lies somewhere between that of a 
straight and that of a buffered write-through, since there are times when the processor may be preempted 
in order for a line to be flushed from the local cache, and time is also required for handling read and write 
misses. However, bandwidth utilization can be reduced by an amount proportional to the frequency of 
write hits. 


10 


5.4 Bus Monitors 

All of the protocols discussed so far, straight write-through, buffered write-through and copyback, 
require that the system bus be monitored to determine when the parent (in main memory) of a cached lo- 
cation is being modified or read in a situation (such as copyback) where data in the local cache may be 
dirty. The bus monitor, therefore, is a critical function, but because of all the possible coherency protocol 
variations, bus protocols and special data transfer modes, the best bus monitors are generally those that 
are customized for the entire system. However, the following are some considerations for design with the 
MB81C51 interfacing to a bus monitor in a write- through system; Section 5.5 provides additional detail for 
buffered write-through monitors. 

First, when interrogating the tag buffer in response to a main memory (system) bus cycle, do not per- 
form an updating interrogation, but rather an inquire, which is performed without asserting SET'. This 
prevents the LRU from being updated when the cache is not being accessed under normal operation. 

Second, interleaving the bus monitor and processor cycles may require a tag RAM that has nearly 
twice the bandwidth of the processor's bus in order to perform a processor-initiated interrogation and a 
system bus reference in the same cycle. It is, however, possible to interleave the contending system and 
processor tag accesses by comparing the system bus address with the processor's bus address to deter- 
mine if preemption is warranted. If interleaving is inadequate to the task, a technique may be employed 
that has been used in mainframe and minicomputers for some time, duplicate tag buffers. This technique 
requires a duplicate tag buffer for interrogation by the bus monitor, which is concerned only with resi- 
dency and not with replacement ways. Figure 5-3 illustrates the dual buffer scheme and its integration 
into the system. 
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Notes: 


1. Bidirectional 
Transparent 
Latch 

This system updates cache, in case of main memory writes to cached data, and uses a dual tag 
buffer which permits simultaneous access by the processor and system bus. This is convenient 
in systems where system bus utilization is high. 

2. Memory 
Address 

Latch 

If this was a copy-back system, a main memory read and dirty bit sensing would have to be 
incorporated, as well as more complex control logic. 


Figure 5-3. Cached System with Dual Tag Buffers for Asynchronous Tag Inquire, Read and Write 


This shadow buffer is modified any time the primary buffer is updated, relative to the tag and valid- 
ity bits. Primary buffer operations that must also be performed by the shadow tag buffer are the follow- 
ing: replacement writes, purge cycles and selective invalidation cycles; reads are independent. There are 
two optional responses when it is determined that a main memory write references cached data, (1) invali- 
dation or (2) update of the data buffer. Invalidation requires that both the primary and shadow buffer be 
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selectively invalidated. If the update approach is taken, the corresponding local cache entry is updated, 
which could force the local processor to suspend a current bus cycle. 

Since the LRU tables are not consistent between the two buffers, the shadow LRU table is ordinarily 
not used for any purpose. Let us use the MB81C51 as an example. For shadow buffer operations initiated 
by the primary buffer (replacement writes and selective invalidation), SBLK of the shadow buffer is en- 
abled (high) and SBO/SBI of the shadow buffer is driven by HC0/HC1 of the primary buffer so that only 
the appropriate set element is written or invalidated. When routing main memory operations to the 
shadow buffer, however, SBLK is disabled (low) and HC0/HC1 of the shadow buffer drives SBO/SBI of 
the primary buffer. The SBLK of the primary buffer is generally the complement of the state of the shadow 
buffer's SBLK. 

The tags in both buffers must be consistent in their index location, set element position and state 
(valid or invalid) at all times to guarantee coherency. 


5.5 Constructing a Buffered Write-through Monitor 

In the previous section, the fundamental requirements and operation of a bus monitor were pre- 
sented, preparing the designer for implementation of such a circuit. Because of tight performance require- 
ments, and the fact that most systems with Standard Bus implementations utilize a broad variety of cache 
protocols, standard bus monitors and interfaces are rarely available to suit the application. This places the 
difficulties of implementation upon the designer. In this section, the considerations of constructing a buff- 
ered write-through monitor are presented in an attempt to simplify the design process. 

The write-through buffer relies on the system bus protocol for main memory interfacing and for sup- 
porting the local cache. Given the functions of the bus monitor, it is only natural that these two functions 
should be integrated, so that the buffered write-through monitor is made up of the following functional 
elements. 


Bus monitor 
Burst transfer 
Bus protocol controller 
Queue latency control 
Buffer management 


Senses system bus writes and invalidates or updates cache 
Transfers a line from main to cache memory 
Arbitrates the system bus 

Senses system bus reads and compares buffered addresses 
Supports FIFO reads, writes,and flag generation 


These functions are represented in the block diagram of Figure 5-4. Implementing the function of the 
queue latency controller and buffer manager will be topics of this section. 
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Figure 5-4. Buffered Write-Through 


Functions of the Buffer 

1 . Operates as a FIFO to accept data and corresponding addresses from the processor after a proces- 
sor write. 

2. Transfers data in FIFO order to main memory by writing it to the address specified by the corre- 
sponding address FIFO. 

3. Determines whether system bus access of main memory data is also latent in the FIFO by per- 
forming address comparison. For virtual caches, either the translated address may be buffered 
(since it must be translated at some point anyway) or only the real part of the address compared. 

4 . Pre-empts the system bus access and updates main memory in the case of a system read of an ad- 
dress stored or latent in the FIFO. This requires a RAM approach to the FIFO buffer. 

5. When the system bus access is a write of data latent in the FIFO, the buffer decides whether the 
FIFO entry and the corresponding local cache entry are invalidated or the system bus operation is 
halted. In any case, two writes from different origins may be a condition to be prevented, not just 
resolved. 

Due to the integration of a number of related functions sharing the same signals, it is usually desir- 
able to implement the bus monitor circuit in a semi-custom VLSI such as gate array or standard cell. 
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Fujitsu's ASIC technology provides various levels of integration, a variety of packaging options, very 
high-speed CMOS and ECL technologies, and high drive, all necessary for bus monitors typically requir- 
ing 4K-8K logic gates, high I/O count and high output drive capability. 

5.5.1 Buffer Management 

When a write is performed, it must be buffered and transferred to main memory without holding up 
the processor or interrupting system bus activity. To do this, two small-depth, wide FIFOs are used, one 
which buffers the written data and one which buffers the corresponding addresses. Addresses must be 
buffered because the processor is driving the address bus when the transfer to main memory occurs. In 
addition to the FIFOs, control logic is needed to accept the written data, request the system bus and trans- 
fer the data to main memory when access is gained. Since the FIFOs may be greater than one word in 
depth, the controller must be capable of performing a write and transfer simultaneously. Handling the 
condition of overflow (FIFO buffer full) is a critical operation involving suspending the processor, if a cur- 
rent write cycle is in operation, and transferring the contents (all or at least one word) of the FIFO to Main 
Memory. Avoidance of this issue by early transfer from the buffer prevents the processor from waiting, 
but may require preemption of a current bus cycle if a long transfer such as DMA is in progress. It is the 
physical address that is usually buffered, since the address must then reference main memory, as shown 
in Figure 5-1, in which the MMU precedes the buffer. 

5.5.2 Queue Latency Controller 

There is a single anomaly making the design of the controller somewhat tedious. While a written 
word is being buffered, it is in limbo for a period of time equal to queue latency. Any read cycle of main 
memory referencing this location is in danger of reading bad data. Further, it is unreasonable to route sys- 
tem bus reads to the cache tag, since only the buffer is aware of which addresses are dirty and latent. 
Therefore, the buffer must monitor system bus cycles, and determine if they reference any of the buffered 
addresses — a type of mini-cache operation. However, it is not necessary to employ a CTRAM, since the 
buffer depth is usually very short (1 to 4 words). As Figure 5-4 illustrates, the address comparison access 
can be implemented as long as all addresses in the buffer are available in parallel for simultaneous com- 
parison (which is the case if the FIFOs used to construct the buffer are built with registers). If a hit is de- 
tected from this comparison, then appropriate action must be taken. 

If a system bus read was in progress when the hit was detected, it must be preempted so that the up- 
date may take place. The update can either be of the single word only, all words up to and including the 
referenced word, or the entire buffer. Since buffers are usually short, it is often better to dump the entire 
buffer, although burst transfer cannot be used since the buffered data are randomly located. 

If the system bus cycle was a write, then several possibilities exist. However, the designer should first 
determine the implication of near simultaneous writes. Is I/O simply overwriting old data which is no 
longer valid? Is another processor updating a shared semaphore, or a shared variable? In other words, 
should this situation be permitted and if so, is the order of arrival of the writes significant? 

If the order is not important, the designer may opt to simply invalidate both the buffered entry and 
the local entry in cache (since the system bus write would otherwise create a discrepancy with the local 
cache). This requires a buffer that can selectively shift forward all entries below a given position, retaining 
all other entries at their current position. This will overwrite the lowest entry held static, thereby nullify- 
ing its write operation and removing it. 
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However, if order of multiple writes is important, it is necessary to design a buffer that attempts to 
transfer all buffered entries at the earliest opportunity. Furthermore, it must always ensure that the last 
write initiated is reflected in main memory. And last, the bus monitor in conjunction with the latency con- 
troller must ensure that any other subsequent overwrite results in invalidation of the cached entry. 

5.5.3 Determining Optimal Buffer Depth 

The buffer, or more fundamentally the data and address FIFOs, can be as simple as a single register 
pair, or it can be 2, 4 or 8 entries deep. Its purpose is twofold; to store the data and address of a write in 
order to free the processor to continue, and to buffer one or more words until the data can be written to 
main memory. To determine the best depth for the FIFO, we will rely on a little queuing theory, but first, 
some definitions are necessary. 

As shown in Figure 5-5, the buffer can be modeled as a queue with an arrival time characteristic 
(X(t)) dependent on the behavior of local processor writes and a service time characteristic (p/0) depend- 
ent on system bus activity and main memory. If X is the average arrival period, and L is the average serv- 
ice period (wait time plus transfer time), the following relationships hold for steady state buffer behavior: 


L = 7/p, l/\i=W 



Figure 5-5. Model of Buffered Write-through 


The average utilized buffer length (L) is the product of the arrival rate and the waiting time (W). Note 
that this assumes that the average service time is less than the average arrival time ( X >p ), otherwise the 
buffer would usually be overflowed. 

By considering the worst case conditions, the maximum queue length may be defined as: 

Lmax — \nax * ^max + Lpre 

where is the number of queued entries already waiting, which will be assumed zero. 
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If a protocol exists in which a bus request has a maximum waiting time before it is granted, this may 
be added to the main memory write cycle time and used for W m<ur . As for \n ax , the inverse of the mini- 
mum back-to-back write cycle time is a worst case for maximum arrival rate. For example, if 1000 ns is the 
maximum wait time and 200 ns is the main memory write cycle time with a minimum back-to-back proc- 
essor write cycle time of 250 ns, the necessary buffer is: 

Lmax = (1000 + 200)ns = 4.8 entries 
250ns 

The buffer serves to provide a type of averaging, or cushioning, of bursts in system bus traffic and 
processor writes. Therefore, though under transient conditions transfers from the buffer may not keep up, 
as long as the steady state behavior is satisfied and long bursts are considered, the buffer should prevent 
the processor from waiting. The exception is the case where system bus utilization is 80 to 100 percent. In 
this case, special bus architectures such as multiple split buses may be necessary. 

5.6 Effect of Allocating Slots on Write Misses 

In certain cases, it has been proven more efficient not to replace a cache entry on a cache miss during 
a write operation. This design practice involves directing the write operation to main memory, but not 
allocating a slot or transferring the referenced line to cache. The effect is to save the time necessary to 
transfer the line into cache while avoiding the replacement of a line that may be referenced. On a write 
miss it is not a requirement to replace the line in cache, only to write the data supplied by the processor. 

There are three notable advantages of non-allocation on write misses which should be considered 
before determining whether to use this technique. The first is that more available slots are effectively 
freed, since a resident slot is saved for every write cycle forcing a miss. If LRU is used, then this number 
can be thought of as the number of write-first entries that exist, since a read-first entry is likely to already 
be resident in cache. This implies that a line which is first written, then read receives a lower priority than 
a line which is read-only or a read-first read /write line. Verifying the validity of this approach relies on 
the evaluation of some fundamentally conditional probabilities; the probability of a subsequent read or 
write given a primary (first) write (PWR) and the probability of a subsequent read or write given a pri- 
mary read (Irr). The latter may be more easily evaluated if thought to be the sum of the probability of a 
read-only reference plus the probability of a read /write reference in which the first reference is a read. 
Figure 5-6 is a Venn Diagram illustrating these probabilities, where the universe is all references by the 
local processor. If the PRR is greater than the PWR, then this approach may be reasonable. 
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The second advantage is the reduction of the write cycle time. Supposing that a miss on a write did 
force a replace, not only must the entry being written enter the cache, but the other members of the refer- 
enced line must also be copied to the cache. Non-allocation, therefore, removes the contribution of the 
block transfer time to the overall write cycle time. Equation 5.1a can be evaluated for the effect of non-allo- 
cation on write misses, though in its original form, allocation of slots for write misses was assumed: 

Eq 5.2 

tMCWT = H * [tRC *(1-W+ tfACW * W] + (1-H) * [(1 - W) * tBT(0 + W * ( ferfL ) + tMWC))] 

If, however, write misses go unreplaced, the average memory cycle time becomes: 

Eq 53 

tMCWT(NA) = H* [tRQ *(1-W) + *MCW * W] + (1-H) * [(1 - W) * ffirfL) + tMWC)] 


The fractional improvement becomes: 


Eq5.4 


IMP = -[tMCWT ~ tMCWT(NA)] I tMCWT 


For example, if the hit rate (H) is 95 percent, the write:read mix ( W) is 20 percent, the average time to 
transfer a block of 4 words is 720 ns (turd), which includes bus acquisition time), and the average cycle 
time with allocation on write misses is 95 ns, the improvement is 7.2/95, reducing the average cycle time 
to 87.8 ns. Though not extraordinary, it is easily accomplished by a simple state sequence and with little 
increase in hardware. 

The last advantage of non-allocation to be discussed is system bus bandwidth, an important issue in 
particular for write-through systems. Since only the single main memory write cycle is performed and not 
the block transfer, the system bus is tied up for a shorter period of time. However a degradation in per- 
formance may be suffered if the line is subsequently referenced on a read miss. The improvement in 
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bandwidth is, therefore, related to the percentage of write-first lines that are never read and to the line 
size. The bandwidth utilization for the replacement case can be approximated as (modifying equation 5.1b 
from Section 5.3.1): 

Eq5S 

UbW(NA) - PpU(NA) / FsB 

= i/[f sb *[h*w* (mwc + a -w * [a - w) * t BT d) + w* t M wdn 

So with little, or no additional hardware, the non-allocation technique may be effectively employed 
to reduce average cache cycle time and reduce the utilized bandwidth. The above equations are intended 
to aid in the evaluation of this technique, given the characteristics of the designer's end-system. Though 
determination of some of the parameters used in the equations may be difficult, these equations should 
nevertheless provide a reasonable guideline. 
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6. Real and Virtual Cache 

Virtual cache, as discussed in Section 1.7, is one addressed by virtual addresses, while a real cache is 
preceded by some form of address translation such as an MMU, if virtual addressing is employed. With 
the rapid advancement of 32-bit microprocessors with clock periods of 50ns, 40ns and faster, as well as the 
success of RISC processors that demand single-cycle instruction fetches, the turnaround time of the cache 
(its access) is critical. Therefore, it should not be surprising that virtual caches are gaining in popularity, 
even in the workstation arena. Our discussions thus far have been centered around real cache implemen- 
tations, which have the advantage of simpler and typically cheaper cache coordination. 

Implementations of virtual cache are quite varied, but all must address the following potential coher- 
ency hazards: 

2. Real and virtual address correlation with regard to bus monitoring 

2. Address aliasing 

3. Virtual address space switches and other conditional addressing problems. 

The construction of cache typically varies with the way these issues are handled; therefore, they will 
be addressed one at a time. 

6.1 Virtual Cache Construction: Address Correlation 

Correlation refers to the correspondence between virtual addresses which access cache and their 
translated real addresses, which reference main memory. It is often necessary to determine if two ad- 
dresses, a virtual and its translated real address, are equivalent. For instance, in a common scenario, the 
system bus monitor may see real addresses referencing main memory and must determine which of these 
are resident in the local cache which is virtually addressed. To do this, the bus monitor may inverse trans- 
late the real address, perform a partial (real) field comparison or perform some other technique of coordi- 
nating the addresses. 

A popular way of invalidating all cache lines that may be copies of a modified main memory location 
is to invalidate all of those that have matching page offsets. Since virtual addresses have a real field which 
is common, all real addresses in cache with matching offsets are purged. If the index is at least the size of 
the page offset, then this amounts to selectively invalidating (explicitly) all set elements at the index ad- 
dress contained in the page offset (see Figure 6-1). In the case of four set elements, this would require four 
clock cycles while counting through the individual set element select lines. Though this method purges 
W * B entries, where W is the degree of the cache and B is the block size, it does work effectively for 
moderately small blocks (1-8) and large caches. 
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All cached entries for which the 
index is equivalent. 








Page Number 


Offset 


Tag Data 


Index 


Line 


Byte 


Given that the cache degree of associativity is W and the line size is L, then flushing by real offset comparison where the index 
plus line plus byte address (see above) is at least the size of the offset results in the deletion of W* L entries. If the exact rather 
than incomplete comparison is performed, either 1 or 0 entries would have been invalidated. Therefore, the waste factor is 
W* L at most. 


Figure 6-1. Virtual Cache Address Field Partitioning 


6.2 Virtual Cache Construction: Address Aliasing 

Aliasing occurs when two different virtual addresses map onto a single real address, which presents 
problems in monitoring main memory addresses,and opens the possibility that local cache contains two 
copies of the same data. These duplicate addresses form pseudonyms (aliases) that may result in inconsis- 
tent data copies. This side-effect of virtual caches is applicable to both write-through and copyback 
schemes. For example, suppose that data is cached under virtual address #1 for a given process (A). A 
task switch is performed in which the cache remains intact (i.e., not flushed). A successive task (B) re- 
quests the same line under a different virtual address, virtual address #2, and modifies it. If write-through 
is used, main memory will always be updated to the most recent state, but the local cache copies can be 
different. Therefore, if process A is restarted under the same virtual address space, it is not referencing the 
most recent copy of the data in the local cache, since that would reside at virtual address #2. Figures 6-2a, 
b, and c illustrate this and demonstrate the impact of index size and associativity on aliasing. 
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Figure 6-2a. Address Aliasing with Virtual Cache 



Figure 6-2b. Avoidance of Address Aliasing through Address Partitioning 

Although it is possible to permit aliasing and manage it, for the reasons discussed above, most sys- 
tems engineers building virtual caches design to prevent or avoid aliasing from occurring. Avoidance can 
be implemented by ensuring that no task running on a processor may leave valid (not invalidated) data 
from its virtual address space in cache when it is switched. This prevents the new data from being as- 
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signed to a succeeding task's space. This requires that either 1) the entire cache is flushed on context 
switches, or 2) only entries associated with the blocked task's virtual space are flushed. Another tech- 
nique, shown in Figure 6-2c, prevents aliasing with use of a direct mapped cache having an index + line + 
byte select size not less than the page offset size. In this case, only one entry with a common real address 
field may reside in cache at the same time, mutually excluding possible pseudonyms. However, the conse- 
quence is that the less efficient direct mapping technique must be employed, perhaps nullifying the ad- 
vantage, though it does yield a simple implementation. 


WAYO 



I Direct caches avoid aliasing if the page offset is greater than or equal to the INDEX + LINE + BYTE, but suffer in performance | 

Figure 6~2c. Avoiding Address Aliasing through Direct Cache 
6.3 Conditional Selective Flushes 

Conditional flushing by virtual address space ID or page number may be useful in some systems to 
remedy the aliasing problem and may be controlled by hardware or software, depending on the system 
design. However, the 81C51 does not easily support such selective flushes since a given tag, or part of it, 
cannot be conditionally flushed. However, since the purpose of this flush is to flush all entries contained 
in the virtual address space of a blocked, or swapped task, there are several solutions when implementing 
the tag buffer. 

First, the entire cache could be indiscriminately flushed upon the detection of a context switch. Con- 
text switches can be detected in a variety of ways, such as sensing a transition from user to supervisor 
space. Alternatively, if the page tables are located in a fixed region of memory, a write to this area signals 
the probability of an address space change, indicating cache should be flushed. 

If the cache is large, flushing it entirely may reduce performance greatly. However, flushing only 
user mode entries on context switches will preserve the supervisor's code/data cache and prevent alias- 
ing (assuming the supervisor does not create aliases that are hazardous), yet only requires the implemen- 
tation of a split user/supervisor cache and hardware to sense the context switch. 
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6.4 Other Techniques for Virtual Cache Coherency Control 

The following are techniques that can simplify the problems of coherency maintenance in virtual 
cache systems by imposing system restrictions to limit the required range of monitoring and address cor- 
relation problems. 

6.4.1 I/O through Cache 

Inverse address translation and selective invalidation by offset are mechanisms that can detect I/O 
reads and writes on copies of cached data. However, it is also possible to bring I/O transfers through the 
local cache requesting it, then broadcast them to main memory. 

6.4.2 Fixed Main Memory Partitions 

I/O spaces and buffers that are memory mapped could be made to occupy fixed locations in the ad- 
dress space and use hardwired translated (fixed mapping) or even direct real addresses. This prevents 
address aliasing and facilitates address correlation by inverse translation, since references to these regions 
are made by common addresses with a known inverse mapping algorithm. This common set of addresses 
could then easily be monitored and aliasing prevented. Another, perhaps more extreme application of 
hardwired, fixed address spaces is that of assigning specific regions in the memory space for shared 
pages. This simplifies the monitoring and coherency issues that make managing shared data so complex, 
yet it may be unduly restrictive to limit the physical size of data that can be shared. Only the designer can 
rationalize these issues. 


6.4.3 Flushing to Avoid Aliasing 

The idea of selectively or indiscriminately flushing cache on a context switch can be used to guaran- 
tee coherency due to I/O writes as well. Let's assume a task is always blocked and its cache space flushed 
on the request of an I/O resource. 1/ O then writes to main memory locations to be addressed by the 
blocked task. When the task is restarted, accessing these locations will force main memory access of the 
new data, bringing them into the cache. 


6.5 Summary of Virtual Memory Operations 

Discussed were two primary and a variety of other mechanisms to resolve the problems presented by 
address correlation and aliasing in virtual cache implementations. Incomplete addressing and inverse 
translation were discussed as solutions to the problem of correlating real and virtual addresses. Flushing 
on context switch was shown to be an excellent approach to preventing aliasing, with split caches provid- 
ing a higher performance option. Other aliasing solutions posed were I/O through cache and hardwired, 
fixed memory spaces. For additional information, the reader is encouraged to research the references at 
the end of this document. 
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Fujitsu’s MB81C51 
Intelligent Cache Tag RAM 


A-1. MB81C51 Functions and Uses 

The Fujitsu Intelligent Cache Tag RAM, the MB81C51, is designed to address a broad range of cache 
implementations in MOS-based uniprocessing or multiprocessing system environments by employing a 
building block approach. By incorporating important autonomous functions (such as look-up, replace- 
ment, selective invalidation, puige and parity), but purposely omitting circuits that are often centralized 
and integrated with other functions, Fujitsu has positioned the MB81C51 to support large cache spaces in 
a variety of system configurations. 

A— 1.1 Cache Tag RAM Features 

The features of the Fujitsu MB81C51 Intelligent Cache Tag RAM are as follows: 

• Provides high density: 2K lines each; may be cascaded 

• Supports 512-by-4-way set associative cache or 1024-by-2-way set associative cache 

• Provides single-cycle, single-entry invalidation (selective invalidation) 

• Executes a single cycle all purge (cache clear) 

• Provides circuitry to quickly determine a cache hit (hit time from address change is 25/30 ns) 

• Generates both encoded and decoded set element selection lines concurrent with HIT' generation 

• Supports an efficient implementation of the least recently used (LRU) algorithm for replacement 
resulting from a cache miss 

• Offers an ideal environment for write-through and buffered write-through systems 
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• Assures data integrity by providing parity generation and checking for both tag data and validity 
bits 

• Permits other external selective invalidation and replacement schemes through free selection of 
the way 

• Offers low-cost packaging with 68-pin PLCC and 64-pin PGA packages 

• Uses the high-performance 1 .Om (drawn) process 

A— 1.2 Expandability of the MB81C51 

The MB81C51 is designed to support today's faster 32-bit processors, with longer, more demanding 
caches. It is designed to permit simple expansion of the tag RAM depth by the fastest and simplest means. 

The MHIT output is driven by the internal HIT' signal gated with an input, EXTH. This function is 
enabled by the MHENBL input. A pull-up resistor is included on the EXTH input, with a pull-down resis- 
tor on MHENBL, so they may be left open. 

A-1.3 Internal Architecture and Block Diagram 

Figure A-l-1 is the block diagram of the 81C51 cache configured as four- way. The major components 
are the tag and control memory storage array (512 x 23 x 4), the tag data comparator and hit generator, the 
LRU state table (512 x 6 bit memory array) and replacement logic, and the parity generator and checker. 
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A-1.4 Differences Between Two-way and Four-way Configuration 

Figure A-l-1 describes a four-way configuration. If the device is to be configured as a two-way con- 
figuration, the only deviations are as follows: the address inputs are now AO through A9 (10 bits), the 
TAG and control memory cell array becomes 1024 x 23 x 2 bits and the LRU state table becomes 1024 x 2 
bits. The four-way configuration will typically be referenced in this Application Handbook unless other- 
wise noted. 

Although its functionality is extended beyond other tag RAMs and its performance is unsurpassed, 
high volume manufacture and availability in the industry standard 68-pin PLCC package makes the 
MB81C51 the most inexpensive cache tag RAM in its performance class. 


A-1.5 General Functional Modes of the MB81C51 

Cache, as a subset of main memory, requires management hardware to determine whether data re- 
sides in cache or the main memory. It must also be able to retrieve and store in cache data that is re- 
quested, but missing. Since cached data has a duplicate copy (or parent copy) in main memory, cache man- 
agement hardware must also ensure that, over time, the copies remain identical; i.e., coherency is main- 
tained. To implement these management functions, the following types of device operation are provided 
by the MB81C51. These device functions are illustrated by the waveforms of Figures A-1.2 through A-1.5, 
described in corresponding order below. 
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Figure A-1-2. Tag Read Cycle 


A-1.5.1 Read Cycle 

The read cycle is invoked when WRITE', PURGE' and INVL' are all high, as shown in Figure A-1.2. 
This cycle accepts an index address and a tag for comparison to determine whether the requested tag is 
resident in cache. A tag is resident if the tag provided to the TD0..TD19 inputs matches one of the tags 
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stored at any set element selected by the index (A0..A9). From this search and compare, a hit or miss is 
generated. The hit is then used to signal the processor that the bus cycle will successfully complete with- 
out wait states (typical). Hit information outputs denoting the set element that was hit are then used to 
select data from the data buffer. 

To avoid potential confusion, keep in mind that whether the cache cycle to be performed is a read or 
a write, the tag operation to be performed will first be a read to determine whether the data is resident in 
cache. 

The read cycle supports two modes (depending whether or not the least recently used (LRU) state 
table is updated). The LRU table tracks the age of each set element relative to the others at that same index 
to determine which is the best candidate for replacement. Whether or not the LRU table is updated is de- 
termined by SET'. Asserting SET' (UPDATE mode) forces the LRU UPDATE, while maintaining SET' high 
inhibits the LRU update, whether a hit or miss occurred (termed an inquire cycle). The read cycle in gen- 
eral, regardless of the mode, is termed interrogation. (See Section 2.3 for more details on the LRU.) 

Read cycle may be initiated by the processor when reading or writing, in which case the LRU update 
mode is used. The read cycle may also be initiated by the system bus in the case of bus monitoring, during 
which the inquire cycle would be invoked because an update of the LRU is not desired. (Bus monitors are 
discussed in Section 5.4.) A processor-invoked read or write will first perform a cache tag read to deter- 
mine residency. If the read cycle determined a miss, then a line in cache (termed a slot) is usually allocated 
requiring the tag to be written to the tag buffer. Therefore, a processor read or write cycle resulting in a 
miss is usually followed by a tag write cycle. 

A-l.5.2 Write Cycle 

A write is initiated following a missing read cycle by asserting WRITE' (low) and SET' according to 
the waveforms shown in Figure A-l-3, which also shows that DSTVL', PURGE' and INH' should all be 
deasserted throughout the cycle (high). During the operation of the write, the MB81C51 writes the tag and 
the internally generated parity bit to the line specified by the index (AO.. A9) at the set element location 
specified by HITn/REPn or SBO and SB1 (see Section A-l.6.2). The write operation updates the LRU table 
to show that this entry is now the newest one (details given in Section A-l.5.3). As a result of the write 
operation, the previous data is overwritten. 
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TAG WRITE 
CYCLE 


Signal 

DC State 

MODE 

"H" or ”L H 

PURGE 

"H" 

WRITE 

V 

INVL 

"H" 

R/R 

"L* 

TRR 

"H" 

SBLK 

"L" 

FTNV, VTNV 

"H" 


AO - - -A9 
R/R 



1 Register TAG, V-Bits set “H", and update LRU 

2 Replace latched at RLATCH = M H" 

3 RLATCH is used when SBLK = “L" 



Figure A-1-3. Tag Write Cycle 


A-1.5.3 Selective Invalidation (Partial Purge) 

When the bus monitor initiates an inquiry to determine if a system bus cycle is referencing cached 
data, the option of invalidation versus updating is confronted if the entry is resident. If an update is to be 
performed, then the tag read cycle is used to determine residency, followed by a data buffer write to up- 
date the entry. However, if invalidation is the preferred approach, then selective invalidation is performed 
(see Figure A-l-4). 



Figure A-1-4. Partial Purge Cycle (Selective Invalidation) 


To invalidate specified entries, the MB81C51 supports a selective invalidation (or partial purge) for 
which two modes exist, explicit and implicit invalidation. In the case of implicit invalidation, the system 
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need only supply the index address, as it normally would for a read cycle, and, if the 81C51 determines 
the entry is resident, invalidates it. The invalidation is executed in one cycle,and updates the LRU state to 
indicate that this invalidated location is the preferred one for subsequent replacement. If a miss occurs 
when invalidation is attempted, then no entry is invalidated and the tag buffer and LRU state remain the 
same. 

Explicit invalidation always invalidates the set element selected by SBO and SB1, while implicit in- 
validation requires a tag to successfully compare against. Both modes require an index to select the line 
however, and the result of either invalidation operation is to clear the validity bits to indicate that the en- 
try has been invalidated. Note that neither the data nor the tag is ever modified during invalidation; only 
the validity bit which marks the entry absent is modified. 


A-1 .5.4 All Purge 

The All Purge, also termed an indiscriminate flush, or clear, cycle initializes the cache to reflect that 
there are no entries resident and resets the LRU state table (see Figure A-l-5). In virtual cache systems 
(see Section 6.0), it may be necessary to flush cache when changes in the virtual address space occur (as 
during context switches). Flushing is also required for power-on reset and, perhaps, following the detec- 
tion of certain bus errors (such as cache parity errors). 


ALL PURGE 
(CACHE FLUSH) 

Signal 

DC State 

SET 

"H” 

All Other 
Inputs 

Don’t Care 


AO - - -A9 


PURGE 


: 


'/2Z6%h 


-mi a ■ 


tppw 


"k. 


Jesl. 


Upc 


Figure A-1 -5. All Purge Cycle 


The PURGE' signal which invokes this mode is an asynchronous input which inhibits all other inputs 
except SET'. Therefore, all other inputs are don't care, while SET' remains de-asserted (high) throughout 
the purge operation. Any cache request will result in a miss following the indiscriminate flush, since the 
validity bits of all lines and all set elements have been cleared. 


A— 1.6 The Tag and Control Bits: Use and Response 

This section presents the structure of the tag array words, how operations affect these words and 
how to use the outputs controlled by them. 


A-1 .6.1 Description of the Tag Memory Entry 

Referring to Figure A-1 -6 (the structure of the tag buffer entries), you will note that each entry con- 
sists of three fields: 


1 . the tag field 

2. the validity bits 
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3. the parity bit 



TAG Word Format (Single Entry) 




■S 

— 

— 

— 



n 

TAG Data ( 20 BITS ) 

VO 

VI 

Parity 

H 

H 

BIT 

BIT 

BIT 


■ 

VO, VI : Validity Bit and its Duplicate 



■ 


Figure A-1-6. Tag Memory Array 


A-1.6.2 The Tag Field 

The tag entry, TD0..TD19, is a field of the address that corresponds to data residing in the associated 
data buffer. There are a number of tags at a given index address equal to the number of ways in which the 
cache is configured (or degree of associativity) in the tag buffer. When an index is applied in read mode, it 
is the tag field of all set elements that are fed to the comparators, along with the TD0..TD19 inputs, that 
define the tag for which we are searching. 

A-l.6.3 Control Bits (Validity And Parity) 

Validity bits exist for every set element at all index addresses to indicate which are invalid and which 
are valid. An invalid entry will force a miss, even if its tag matches the requested tag. These bits are active 
high (low indicates an invalid entry), while mutually exclusive bits indicate a bit error in one of the valid- 
ity bits. Thus, duplicate validity bits are provided for data integrity. Without duplicate validity bits, a sing- 
le-bit error, altering the state from low to high, could occur. The single-bit error could interpret an invalid 
entry as a valid entry resulting in an erroneous instruction/data fetch. With duplicate bits, a double-bit 
error must occur. Validity bits are cleared in the all purge and selective invalidation cycles and set during 
the tag write cycle. 

Figure A-1-6 also shows the location of the duplicate validity bits of each entry, as well as a parity bit. 
This is a tag parity bit which is minimizes the possibility of tag corruption. The parity bit is generated and 
stored along with the tag and validity bits during the tag write operation. When a tag read or selective 
flush operation is performed, the tag parity bit is again generated and compared against the stored parity 
bit for discrepancy. 

A-l.6.4 Tag or Validity Bit Parity Errors 

If a parity or validity bit error occurs (perhaps due to an alpha particle induced soft error), then cor- 
ruption has occurred. If the affected entry is a valid one, this false tag may match during a look-up, result- 
ing in false instruction/data fetches. Therefore, the signal PERR' is used to indicate validity bit errors and, 
if the tag is not invalidated, tag parity errors as well. The Boolean equation for this PERR' signal is: 
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Eq A-l-1 

the NOR of PE0..PE3 

where PEn= (VOn +Vln) * PEn + (VOn XOR VI n) 

NOTE: VOn and Vln are the 0 th and 1 st validity bits of the n th set element, and PEn is the parity error bit 
for the n th set element. 

When a parity error does occur, the access should be treated as a miss. Furthermore, since there is no 
way of isolating the set element that introduced the parity error, we may either treat all further accesses of 
this location as a miss and essentially inhibit the use of the set element until the next flush occurs or, alter- 
natively, we may choose to respond with a more effective action. This action may be performed in hard- 
ware or software and performs one of the following functions: 

1 . Rush all set elements at the affected index. 

2. Rush the entire cache, or at least the affected device. 

To invoke this error recovery, the PERR' signal may be used to generate a bus error signal for either 
operating system resolution or as a signal for a hardware controlled flush. (In either case, the acknowl- 
edgement to the processor may have to be delayed to allow time for the fault resolution.) 

A-1.7 The HIT, Its Detection, and Related Signals and Functions 

When an address is supplied to A0..A9, it will access the tag memory array, as well as the LRU state 
table. In the case of the tag memory, the address will access all set elements simultaneously. After the in- 
ternal SRAM access time from the address transition, all set elements at that line are presented to the com- 
parators. The tag fields of each element are then compared with the tag data applied to inputs TD0..TD19. 
A match of any set element asserts HIT' which, along with the PERR' signal, should be used to determine 
if a true cache hit has occurred. The Boolean equation for HIT' is: 

EqA-1-2 

TUT = the NOR ofhit0..hit3 

where HITn is the HIT result of th n th set element. 

A-1.7.1 Generating HIT from Multiple CTRAMs 

As will be shown in Appendix A-l.10.3, when integrating more than one MB81C51 into the tag 
buffer, it becomes necessary to gate the HIT' outputs of the individual tag RAMs to generate a single tag 
buffer HIT' signal. In the MB81C51, when MHENBL (Modified Hit ENaBLe) is asserted (high), MHIT' 
will be asserted (low); if either the internal HIT' or the external HIT (EXTH, active high) are asserted, 
MHIT' is deasserted (high). When MHENBL is driven low or floats (its input has a pull-down resistor) 
and EXTH is high or left floating (it has a pull-up resistor), MHIT' defaults to a low. The use of this feature 
is described in Appendix A-l.10.3. 

A-1.7.2 Selection of Hit/Replace Information 

When a hit occurs, it is necessary to select the proper set element from the data buffer to be read or 
written. The HITn/REPn outputs (4 bits, active HIGH, which indicate the set element that was hit) are 
used for selection of the proper set element. These signals are also encoded and output on HCO/RCO, 
HC1/RC1, as illustrated by Table A-l-1. The decoded information (HITn/REPn) is designed to drive chip 
or output enable signals to banks of RAMs whose data outputs are dotted; the encoded outputs are ideal 
as address inputs to the data buffer RAMs. 
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Table A-1-1. Encoding of Hit and Replace Locations for 4-Way Buffers 


INPUT 

INTERNAL INFO. 




OUTPUT 











DECODED 


ENCODED 


MODE 

A9 

hit 0/ 
repO 

hitl/ 

repl 

hlt2/ 

rep2 

hit3/ 

rep3 

HITO/ 

REPO 

HIT1/ 

REP1 

HIT2/ 

REP2 

HIT3/ 

REP3 

HCO/ 

RCO 

HC1/ 

RC1 

HIT* 

MODE 

H 

H 

H 

H 

H 

1 

D 

H 

1 

| 

1 

1 

H 

| 

| 

n 

1 

4-Way 


*Ouputof HIT is Valid when H/R = “H”. 


If two degrees of associativity are employed, the HITn/REPn or HCn/RCn outputs must be gated to 
generate simple signals for set element selection of the data buffer. Table A-l-2 illustrates the coding of 
the HITn/REPn and HCO/RCO, HC1/RC1 outputs for the two-way case. However, gating these signals in 
the following way produces the desired results: 

Eq A-l-3a 

GHYTOIGREPO- (HJTO/REPO + HTT1/REP1) 

Eq A-l-3b 

GHIT1/GREPU (HIT2/REP2 + H1T3/REP3 
and if encoded signals are used: 

Eq A-l-4 

GHC0/GRC0= (HC1IRC1) 


Table A-1-2. Encoding of Hit and Replace Locations for 2-Way Buffers 


INPUT 

INTERNAL INFO. 


OUTPUT 








DECODED 

ENCODED 




hit 0/ 

hitl/ 

hit 2/ 

h»3/ 

HITO/ 

HIT1/ 

HIT2/ 

HIT3/ 

HCO/ 

HC1/ 



MODE 

A9 

repO 

repl 

rep2 

rep3 

REPO 

REP1 

REP2 

REP3 

RCO 

RC1 

HIT* 

MODE 

mm 

B 

L 

E8 

n 

mm 

n 

B 

wm 

n 

mm 

wm 

H 



■9 

H 


■9 

Mm 


■9 

■9 



■9 

MM 



■9 

L 


■9 

■9 



■9 

■9 


■9 

19 

2-Way 


H 

X 

mm 

mm 

99 



IB 

■9 

H 

■9 

19 


H 

Ka 

■9 

Mm 



■9 

Mm 


H 


19 


mm 

H 

Kfl 

B 

B 


mm 

B 

B 


H 


n 


*Ouputof HIT 

is valid when H/R = “FT". 











In the case of a miss, we need to know which element should be replaced, based on the LRU algo- 
rithm implemented internally. For convenience this information is also output on HITn/REPn and 
HC0/RC0,HC1/RC1. To differentiate hit information from replace information, the H/R' signal is pro- 
vided as a select for both encoded and decoded outputs (refer to Figure A-l-7 showing the internal mux 
structure). 
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Figure A-1 -7. Mux Circuit for Selecting Hit or Replace Information 


When a miss is detected, a delay occurs because the cache controller must request the missing data 
from main memory. This request suspends the processor by inserting wait states. Therefore, the time to 
detect a miss is not as critical as it is for detecting a hit and suggests that the state of the H/R' signal 
should default to high, as demonstrated by the sample circuit in Figure A-l-8. H/R' is then reset after a 
miss is detected, in order to select the replacement information. The replacement information then ap- 
pears tHR (Hit/Replace select time) after H/R' goes low. 



Figure A-1 -8. Example of Circuit to Generate H/R 
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A— 1 .7.3 Circuit Example (to Generate H/R] 

At the beginning of the bus cycle, CLK (1) samples the status lines M/IC y and OTHER', which are 
used to qualify the cacheable address space (contingent on the assertion of ADS') and (2) generates cache 
cycle in progress (CCP), if all are active. CCP going high enables HIT' to the D input of flip-flop #2, whose 
output is high by default. These two activities permit hit information to be selected as quickly as possible, 
while enabling replace information to be selected one cycle after the initiation of the cache access (in case 
of a miss). Consequently, the cache hit time (tAH), plus the prop delays and set-up of HIT' on flip-flop #2 
are less than the CLK period. HIT' may directly generate the acknowledge to the processor while H/R' 
drives the H/R' and WRITE of the 81C51 tag RAMs. H/R' and the WE' from the processor are ANDed to 
drive the WE(M)' of the data buffer SRAMs. The WE(M)' is synchronized by a D flip-flop clocked by CLK, 
(not shown). 

If a miss occurs, H/R' falls on the second cycle of the cache operation, enabling the wait-state counter 
(already loaded on reset or previous wait-state completion) with 2 N -R + 1 (where N is the size of the 
counter, in bits, and R is the number of cycles to wait). Successive CLKs will increment the counter until 
the outputs are all high. At that time wait state terminates (WST') and triggers, setting up a CLEAR on 
flip-flop #1, a PRESET on flip-flop #2 and a LOAD on the counter (all synchronous to the same rising 
edge of CLK). The replace information is then selected throughout the write to the data and tag buffers. 

CCP, indicating a current active cache cycle, could be gated with WE(M)' to control the bus transceiv- 
ers and registers for data transfer from/to main memory, as well as a device enable for the data buffer 
RAMs. Notice that H/R' will disable the clock of flip-flop #1 in the case of a replace, thus maintaining 
CCP at a high state until the replace is complete. 

Different designs will employ different replacement strategies and use different processors with 
varying control signals and timings. This example is useful only as a generic guideline for the generation 
of important signals used to control cache. For example, this circuit assumes a miss will always be re- 
placed within the same number of clock cycles (R) although it is usually necessary to gain access first to 
the system bus, which may not be idle. 

A— 1 .7.4 RLATCH - Its Function and Use 

After a miss is detected, the replace information needs to be internally latched since a subsequent tag 
write cycle will cause a change in the LRU table and, consequently, a change in the replacement informa- 
tion. As noted in Table A-l-3, the Pin Description Table, the RLATCH signal is used to stabilize the re- 
place information because its rising edge will latch the information (which remains valid until RLATCH 
goes low again) plus a disable time (tRH). RLATCH rising should lead the rising edge of SET' (during the 
tag write cycle following the miss) by tRLS and remain asserted until the replace information is no longer 
needed externally. 
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Table A-l-3. Functional Pin Description of the MB81C51 


Signal 

I/O 

"type 

Active 

Sync 
to Set 

Function 

A0-A9 

Input 

Data 

High 

Yes 

INDEX address inputs to the TAG buffer and LRU table. 

TD0-TD19 

Input 

Data 

High 

Yes 

TAG data for comparison against internal TAG entries at the applied INDEX 
address (AO . . A9) 

MODE 

Input 

Select 

— 

Yes 

Selects TAG RAM organization: 

MODE ORGANIZATION 

1 512x4 way 

0 1024x2 way 

WRITE 

Input 

Enable 

Low-Level 

Yes 

Active only in cycles in which SET is asserted. This signal defines a 

WRITE (active low) or READ (high) cycle. 

PURGE 

Input 

Control 

Low-Level 

No 

This asynchronous signal resets the V bits for all entries in the TAG RAM, 
and initializes the LRU. 

TNVC 

Input 

Control 

Low-Level 

Yes 

This level sensitive signal, sampled by SET, is used to initiate the Selec- 
tive Invalidation (“PARTIAL PURGE”) mode.This operation invalidates the 
“V” bits and reversibly updates the LRU table for a single entry. 

ITCH 

Input 

Disable 

Low-Level 

No 

This level sensitive signal, asynchronous to SET. 

Inhibits all operations except for the PURGE function, when asserted. 

H/R 

Input 

Select 

— 

No 

This signal determines whether HITn/REPn and HCn/RCn are selected to 
output hit information, or replace information 

H/R STATE OUTPUT-STATE 

0 Replacement Set Element Selected 

1 Hit Data Selected 

RLATCH 

Input 

Clock 

Latch 

Enable T 

Yes 

This signal enables the internal latch that clocks the LRU replace- 
ment data. 

SBLK 

Input 

Select 

— 

No 

This signal controls whether the way selection for replacement or invalida- 
tion comes from an outside source, described by SBO and SB1 , or whether 
the internal replacement way is selected according to the LRU algorithm. 

0 Internal 

1 External 

SBO, SB1 

Input 

Data 

High 

Yes 

These signals are “don’t care” in the case of SBLK = L. However, when the 
external replacement source is enabled, they select which way is to be 
replaced or invalidated. 

SET 

Input 

Clock 

Latch 

Enable T 

H 

This clock signal is used to update the LRU table and stabilize replacement 
data. In READ mode, if it is not asserted, a tag compare can occur without a 
LRU update. 

HIT 

Output 

FLAG 

Low-Level 

H 

This output is the NOR of the 4-way comparators thus, when asserted, 
indicates that the tag applied to TD0..TD1 9 matches at least one set ele- 
ment at the line specified index 

HITn/REPn 

Output 

Data 

High 

B 

These signals indicate which way was hit (if any) or which way should be 
replaced. The selection of the hit or replacement is controlled by the H/R 1 
signal. (See Tables A-1-1 and A-1-2.) 

HCn/RCn 

Output 

Data 

High 

H 

These are the encoded HITn/REPn signals. 

(See Tables A-1-1 and A-1-2.) 

MRTT 

Output 

Flag 

Low 

B 

Indicates internal (HIT) or external (EXTH) HIT is detected. This output is 
low when disabled. Used for multiple device configuration to expand 
cache depth. 

MHENBL 

Input 

Select 

High 

D 

Enables multiple HIT logic by setting MHIT to the NOR of EXTH and HIT 
signals. Disabled by floating or pulling low. 

EXTR 

Input 

Flag 

High 

H 

External HIT signal (driven from another 81C51 by an inverter) when un- 
used, should float or be pulled high. 
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A simple way to generate RLATCH is to use SET, qualified by the WRITE' signal. The designer 
should be careful that tRLS is satisfied. Satisfaction is guaranteed as long as the qualifying WRITE' signal 
lags SET' going low by no more than fSW - tRLS - tL (where tL is the propagation delay in generating 
RLATCH from SET' and WRITE'). 

A— 1 .7.5 LRU Logic and Replacement 

The LRU logic (its algorithm is described in Section 2.3) is designed to track the age of each tag since 
its last reference and relative to the other tags in the same set. The age information is used to determine 
which set element, at a given index, is to be replaced when a miss occurs. The replacement data specified 
by the 81C51 corresponds to that set element specified by the LRU as the least recently used; i.e., a good 
candidate for replacement. As the state table (Table A-l-6) reveals, the LRU table is either forwardly or 
reversibly updated (it remains unaffected by certain CTRAM cycles) to reflect any change in the relative 
age of the element as a result of the operation. 

A— 1 .8 The Signals of the MB81C51 

This section discusses the use and purpose of chip level signals, referring to the pin description table 
(Table A-l-3.). The use and effect of the INH' and SBLK (including SBO and SB1) are discussed in detail. 

A-1.8.1 Pin Description Table and Discussion of Signals 

Table A-l-3 lists all the device pins, their basic timing nature (synchronous or asynchronous) and 
other pertinent information. Since the storage arrays (tag buffer and LRU table) of the MB81C51 are con- 
structed by a mixed MOS SRAM approach, it should not be surprising that similar timing and signals are 
required for its operation, along with timing related to comparison, update and flush operations. 

A-l.8.2 The INH’ Signal and Its Effect 

The INH' signal, as determined from the pin description table, serves primarily two purposes: 

1 . Inhibits all functions including tag read (either update or inquire), tag write, and selective flush. It 
does not inhibit the all purge operation. 

2. INH' sets all outputs to predetermined levels that are most suitable for permitting multiple de- 
vices to be stacked in depth, and generally preventing any side effects arising from devices that 
have been disabled. It does NOT place the outputs into a high impedance state since, typically, the 
outputs will feed combinational logic. Table A-l-4 illustrates the output states and conditions of 
the inputs when INH' is asserted. 


Table A-l-4. Output States for INH* = “L” 


Signal Name 

State 

HITn/REPn 

L 

HCn/RCn 

L 

HIT 

H 

PERR’ 

H 


Note: ALL inputs are inhibited by the INH" active except PURGE' which is asynchronous. 
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A-1 .8.3 SBLK and External Way Selection 

The SBLK signal selects between internal and external replacement information and is in effect only 
during the tag write cycle or invalidation (selective flush). When SBLK is asserted, SBO and SB1 signals (or 
simply SBO in the two-way case) become the external set element selection lines for the tag RAM, as speci- 
fied in Table A-l-5. This mode is very useful for flushing all set elements at a particular index or imple- 
menting another replacement method. 


Table A-1 -5. External Element Selection Using SBLK 


Cycle 

Type 

SBLK 

Set Element Selection 

Scheme 

Effect on LRU 

Table 

Write 

L 

LRU Selects Way 

Always 

Updated 

Cyde 

H 

SBO & SB 1 Select Way 

Always 

Updated 

Selective 

L 

LRU Selects Way 

Update on 
a Hit 

Invalidation 

H 

SBO & SB1 Select Way 

Always 

Updated 


A-1 .9 Device Mode State Table 

The MB81C51 performs all basic operations necessary to support cache operations initiated by hard- 
ware and software including interrogation (look-up), retrieval control, replacement, update, and coher- 
ency by selective and indiscriminate flush functions. The function table. Table A-1 -6, provides a descrip- 
tion of the input states required to invoke these operations, and the effect of these modes on the internal 
states, such as the tag array and the LRU table. 


Table A-1 -6. MB81C51 Functional Modes Table 


Input 

Signals 

Tag 

Data 

Control 

Data 

Replace 

Data 

Cycle Type 

ml 

PURGE 


WRITE 

flflp 

Tag 

P Bits 

V Bits 

LRU Data 

Function Mode 

L 

H 

X 

a 

X 

No Chg 

No Chg 

No Chg 

No Chg 

Inhibit 

H 

H 

H 

m 

H 

No Chg 

No Chg 

No Chg 

No Chg 

Tag Read without 

LRU Update 

H 

H 

i 

H 

H 

No Chg 

No Chg 

No Chg 

No Chg 
or 

Update 1 

Tag Read with 

LRU Update 

H 

H 

i 

■ 

H 

TDO 

to 

TD19 

SET 

H 

Update 

TAG Write 

IE 

■ 

4 

X 

X 

X 

n 

L (all) 
or 

L 2 

Reset 

or 

R‘ Update 1 

Cache Clear 

H 

H 

H 

H 

L 

No Chg 

No Chg 

L 2 

R’Update 1 

Partial Purge 

Selective 

Invalidation j 

Notes: 

^hen (SBLK = “L" S (HIT = “H”), LRU -> NO CHG 

2 (SBLK = “L" S (HIT = “H"), V BITS -> NO CHG 

KEY 

X Undefined 

No Chg Data Remains Unchanged 

Update LRU Forward Update 

Reset LRU Initialized 

R’Update LRU Reversibly Updated 
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A-1.10 Configuring the MB81C51 for Various Applications 

The configuration of the number of set elements in the MB81C51 is controlled by the MODE pin, 
which selects between two-way or four-way set associativity. MODE controls the internal organization of 
the tag array, LRU table and associated logic. Since all affected internal logic is also reconfigured to sup- 
port the selected organization, MODE provides for a simple hardware reconfiguration option. 


The initial organization of tag array and 

the LRU table is as follows: 


Ways 

Entries 

Internal Tag 

2 

1024x23 bits 
4512x23 bits 

LRU Table 

2 

1024 x 1 bit 

A-1.11 Defining the Tag and Index 

4 

512 x 6 bits 


The address bus interfacing to cache is composed of several distinct fields. The descending order of 
significance for these fields are the tag, index and block. Figure A-l-9 illustrates the relative significance 
of each field and the relationship of these to the virtual memory fields. 


CACHE 

ADDRESS/ 

DATA 


PROCESSOR 

ADDRESS 


TAG 

INDEX 

BLOCK 

BYTE 






m 


(n + 1) n 


4 3 2 1 0 


• • • 

VIRTUAL PAGE SIZE +++ PAGE OFFSET 

MEMORY a a a 


Figure A-1-9. Address Bus Fields 


A-1.11.1 Choosing the Index and Tag Size 

The MB81C51 permits tags up to 20 bits in size, and index sizes of 10 bits per each device (configured 
as two-way implementation) or 9 bits per device (configured as four-way implementation). However, the 
81C51 may be expanded in depth in multiples of 1024 (two-way) or 512 (four-way) lines. Furthermore, 
any line or block size may be used, therefore providing for large caches to be implemented with a single 
MB81C51. 

The size of cache is defined in terms of its depth (D), block size (B) and degree of associativity ( W) in 
the following way: 

Eq A-l-5a 

cache size = D * B * W 

Since the index is used to address the cache in depth, the size of the index address field should be (in 

bits): 

Eq A-l-5b 
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index size = LOG2(D) 
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For example, if we have a two-way cache with a block size of 4 words, an 18-bit tag (2-bit byte select) 
and a 10-bit index, we then have a cache buffer that is 2 • 4 • 2 • 2 10 ) = 8K words, with a tag buffer depth 
of 2K tags. This 32K byte can be implemented with a single 81C51. 

A-1.11.2 Configuring the Tag Buffer Given the Index Size 

In certain implementations, if caches of larger than 2K lines are desired, multiple 81C51s will be 
needed to construct the tag buffer. If a laiger cache is desired, it is easily implemented by extending the 
81C51s in depth. 

There are fundamentally two ways to "stack" multiple 81C51s in depth to increase the number of 
available tags. One way is to gate the signals. The second way is to use MHIT'. A discussion of both im- 
plementations is in the following sections. 

A-l.11.3 Gate Signals to Implement Multiple 81C51S In Depth 

The most significant bits of the index address are decoded and used to generate inhibit signals (INH') 
when gating the signals. In the inhibit state, the outputs go to values that permit simple interfacing of 
multiple devices, as was shown in Table A-l-4. Therefore, we need only gate the individual HIT' and the 
individual PERR' signals, and multiplex the HITn/REPn or HCn/RCn signals (depending on which data 
buffer selection scheme we are utilizing). Figure A-l-10 illustrates this control and mux logic with an ex- 
ample of a four-way set associative implementation that has a depth of 2K and supports 8K blocks. To 
extend beyond this configuration, realize that the N most significant index bits are used to address 2N 
different 81C51s, each with a size of 2K blocks and a depth of 512 (4-way) or IK (2-way). Two 2N-wide 
AND gates are used to generate the system GPERR' and GHIT outputs. The N most significant index bits 
feeds N of 2N decoder which drives the INH' signals of the individual devices. The most significant index 
bits are also used to select a W-wide (where W is the number of ways) 2N-to-l mux which selects from 
the individual HITn/REPn lines that drive the data buffer. If the NCn/RCn (encoded) signals are used, 
then a LOG2 (W) wide 2N mux is needed. However, if individual data buffer RAMs are driven by the 
HCn/RCn lines of each individual tag RAM, this muxing is not necessary. 




Figure A-1-10. Example Implementation of a Tag Buffer with Extended Depth 

As an example, to construct a 2-way tag buffer with 16K tags and a block size of 8K to yield a 64K 
word tag buffer that uses the encoded hit/replace select lines (HCn/RCn), the implementation would be 
as follows: 

W = 2 ways =>1K depth per deviceZN = 16K/1K =16 MB81C51s 
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Notice that since INH' inhibits all device functions except ALL PURGE, (usually performed on the 
entire cache simultaneously), it can be easily used to isolate devices for any operation. Therefore, it can 
extend the TAG in depth with no change in function and an addition of only a mux, a decoder and two 
ANDs. Since INH' is the device selector and inhibits/enables all functions except ALL PURGE, the func- 
tions of reading (with update or simply inquiry), writing (in the case of replacement) and selective invali- 
dation are performed as if only one 81C51 were utilized. 

A— 1.11.4 Configuring Multiple MB81C51S Using MHIT’ 

The MB81C51 supports expansion of cache by gating the internal HIT' signal with an external HIT 
signal called EXTH (active high) when the MHENBL input is asserted (high). This permits a system hit 
(MHIT', active low) to be quickly generated from multiple devices without the use of external logic, ex- 
cept an inverter that complements and drives the HIT' output of the other MB81C51(s). 

It is also possible to support more than two cache tag RAMs by feeding the MHIT' output of the sec- 
ond device to the EXTH input of a third via an inverter, and so on in "daisy chain" fashion. The method of 
parallel gating presented in Figure A-l-10 provides a high-speed solution when many tag RAMs are ar- 
ranged in depth. For implementations requiring two or three tag RAMs, the "daisy chain" provides the 
highest speed solution with minimum hardware. 

A-1.12 Unused Inputs/Outputs 

If four-way associativity is selected by the MODE pin, then only nine address bits are required, as 
opposed to the ten required for the two-way case. In the case of a four-way implementation, the designer 
should then use address pins AD0..AD8 and tie AD9 high (since better noise margin exists when it is 
pulled high). Additionally, the tag inputs TD0..TD19 comprise a 20-bit word in which the unused bits 
should be tied high (VIH as the minimum or higher), preferably to the power rail. 

In general, no input signals of CMOS devices should float, but rather should reference some valid 
voltage level (VIL (max) or VIH (min)). Unused outputs, however, such as HCn when HITn is used in- 
stead, should be left open. 

A— 1.13 Supporting Copyback with the MB81C51 

The local cache must support functions initiated by the local bus monitor or central controller, such as 
change of privilege, invalidation, and update. These operations are detected as system bus activity and are 
routed to the local cache tag buffers to determine residency and then respond appropriately if resident. 
Implementing copyback within the cache tag buffer requires integrating the privilege bits and dirty bits 
into the tag buffer and providing support hardware to read and modify these bits. To perform an invali- 
dation of a line, for example, the bus monitor/cache controller would perform a selective invalidation on 
the tag buffer with the system bus address. Since the HC0/HC1 information is output for invalidation cy- 
cles, this information would be used to select the associated descriptor bits in an external descriptor RAM. 
If the dirty bit was set, the line could then be updated to main memory. Read-only protection can be en- 
forced in a similar way by using HC0/HC1 to select the descriptor bits and generating the acknowledge 
to the processor depending on the state of the read-only status bit. 
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Since the MB81C51, as previously explained, does not directly support the flushing of dirty entries 
that must be written to main memory, the user may find that implementation of write-through and buff- 
ered write-through caches (either real or virtual) to be more efficient and simpler to implement. If per- 
formance is of utmost importance, buffered write-through has proven to be faster in average cache time 
than copyback options except in those systems where bus traffic makes write-through an impossibility. 


10 


10-102 



Static RAM Data Book 


Notes 


10 



Static RAM Data Book 


Notes 


10 



Static RAM Data Book 


Notes 


10 



Static RAM Data Book 


Notes 


10 




High-Speed CMOS SRAMs 


High-Speed BiCMOS SRAMs 
Low-Power CMOS SRAMs 
Application-Specific SRAMs 
High Temperature Range SRAM Products 
CMOS SRAM Modules 
Quality and Reliability 
Ordering Information 
Sales Information 


Appendices - Design Information 


FUJITSU LIMITED 

Marunouchi Headquarters 
6-1, Marunouchi 1-chome 
Chiyoda-ku, Tokyo 100, Japan 
Tel: (03) 216-3211 
Telex: 781-22833 
FAX: (03)213-7174 

For further information, please contact: 

Japan 

FUJITSU LIMITED 

Integrated Circuits and Semiconductor Marketing 
Furukawa Sogo Bldg. 

6-1, Marunouchi 2-chome 
Chiyoda-ku, Tokyo 100, Japan 
Tel: (03)216-3211 
Telex: 781-2224361 
FAX: (03)211-3987 - 

Europe 

FUJITSU MIKROELEKTRONIK GmbH 
Lyoner Strasse 44-48 
Arabella Centre 9. OG 
D-6000 Frankfurt 71 
Federal Republic of Germany 
Tel: (49) (069) 66320 
Telex: 441-963 
FAX: (069) 663-2122 

Asid 

FUJITSU MICROELECTRONICS ASIA PTE. LTD. 

06-04/06-07 Plaza By the Park 

No. 51 Bras Basah Road 

Singapore 

Tel: (65) 336-1600 

Telex: 55573 

FAX: (65) 336-1609 

North and South America 

FUJITSU MICROELECTRONICS. INC. 

Integrated Circuits Division 
3545 North First Street 
San Jose, CA 95134-1804 USA 
Tel: (408) 922-9000 
Telex: 910-338-0190 
FAX: (408) 432-9044 


© 1990 FUJITSU LIMITED and Fujitsu Microelectronics, Inc. 


Printed in USA OV048-89YF1 



